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The same entomological criteria used in estimating time of death for humans are 
applicable for deceased wildlife.  Necrophilous insects associated with animal carcasses can 
provide wildlife law enforcement with valuable information necessary for postmortem interval 
estimation, and ultimately, to incriminate poachers.  The purpose of this research was twofold: to 
establish species composition, faunal succession patterns, and species and life stage interactions 
of necrophilous insects associated with three wildlife species; and to identify new methods of 
evaluating succession patterns using statistical measures. 
Twenty-one large vertebrate carcasses were monitored throughout decomposition in a 
mixed flatwood forest in East Baton Rouge Parish, LA during the spring and fall of 1999, and 
winter of 2000.  Each seasonal experiment included one Louisiana black bear (a threatened 
species), two white-tailed deer, two American alligators, and two swine (experimental standard).  
Fresh carcasses were sampled simultaneously for necrophilous arthropods manually and by 
pitfall traps.  Manual sampling contributed qualitative observational data regarding 
decomposition patterns and species interactions not easily revealed using pitfall traps alone and 
represented typical entomological collections recovered during criminal investigations.        
Principle component analysis reduced the complete pitfall trap dataset (451,036 
specimens representing 438 taxa) to a statistically manageable size, and regression analysis (Proc 
Mixed, SAS Institute) determined that season, animal type, and stage of decomposition were 
significant for species composition.  Three discriminant analyses determined which taxa were 
most discriminating for animal type: Proc StepDisc identified 50 taxa, Proc Discrim determined 
that these taxa were more discriminating for alligator, and Proc CanDisc identified species 
assemblages per animal type and illustrated that alligator and bear were more unique than deer 
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 vii
and swine carrion.  Canonical correlation analysis (Proc CanCorr) tested daily time trends in 
arthropod activity in relation to days of decomposition.      
Two diversity tests were conducted for these data, Shannon’s diversity index and Pielou’s 
J test of species evenness.  Season was significant for both species diversity and evenness, while 
stage of decomposition was significant for only Pielou’s J, and animal type was never 
significant.  Results from this project further our understanding of the carrion habitat and provide 






BACKGROUND AND PROJECT OVERVIEW 
 
Introduction 
 The development of the field of Forensic Entomology has proven to be a 
tremendous asset in forensic investigation.  As living matter, necrophilous (i.e., carrion-
frequenting) insects provide a new and relatively unexplored medium for forensic 
science.  Particularly within the last two decades, the incorporation of entomological 
research has become extremely valuable in determining the postmortem interval (PMI) of 
homicides, suicides, and other unattended deaths.  The same entomological criteria used 
to estimate time of death of humans are also applicable for determining PMI of 
suspicious deaths of wildlife species, and ultimately, to incriminate poachers. 
 Decomposing remains provide a food source for necrophilous arthropods, and 
hence, a unique and self-contained habitat.  A fresh corpse or animal carcass functions as 
a “transitional ecosystem” with communities of interacting species that have evolved to 
rapidly exploit carrion (Braack 1987).  Arthropods such as spiders, harvestmen, 
centipedes, millipedes, isopods, and mites are commonly associated with this temporary 
habitat; however, the majority of carrion-frequenting species are insects belonging to the 
orders Coleoptera (beetles), Diptera (true flies), and Hymenoptera (ants and wasps).   
 The carrion ecosystem is an inconsistent, non-replenishing, habitat that does not 
progress towards a stable climatic community (Braack 1987).  However, an observable 
and highly predictable pattern of arthropod succession does occur on a decaying corpse 
throughout decomposition.  Individual species of necrophilous insects are attracted to 
decomposing remains at different stages of decomposition depending on the varying 
 1
attractiveness of the carrion.  In other words, “waves” of necrophilous insects arrive and 
utilize a corpse for specific periods of time according to the availability of particular food 
and/or refuge resources (i.e, tissues, fluids, stomach and intestinal contents, organic offal, 
skin, hide, fur, and bone). 
 A natural progression of species communities at a decaying corpse begins and 
ends with scavenging insects (Bornemissza 1957, Reed 1958, Payne 1965, Cornably 
1974, Braack 1987).  Necrophilous insects are pivotal in recycling nutrients to the parent 
community, as well as, aiding in the dilution of potentially infectious agents in carrion 
(Braack 1987).  A fresh corpse invariably has tremendous nutrient reserves and therefore 
is immediately attractive to scavengers.  However, a majority of nutrients are not 
available for most arthropods until corpse colonization by calliphorid larvae (though 
certain rare situations involve dominance by sarcophagid or muscid larvae). 
Role of Blow Flies in Decomposition 
Adult calliphorids (blow flies) are highly attracted to a fresh corpse and are 
referred to as the “first wave” of insects due to their ability to locate a body and begin 
ovipositing within minutes of death (Kintz et. al. 1990).  Female blow flies will initially 
deposit eggs in moist, secluded areas such as natural openings (i.e., eyes, ears, nose, 
mouth, or anal and genital regions) and bodily wounds.  Colonization of carrion by 
emerging fly larvae (i.e., formation of large maggot masses) is critical to community 
structure and faunal succession patterns (Braack 1987).  Blow fly larvae serve as prey for 
many species including histerids, staphylinids, silphids, clerids, ants, wasps, other fly 
larvae, and spiders, and dramatically accelerate decomposition by rapid consumption of 
muscle tissues (Norris, 1965).   
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Maggot mass activities alter the carrion habitat and result in the release and/or 
exposure of particular food and space resources for later arriving species.  According to 
Braack (1987), the effects of maggot mass activities include “….providing organic-rich 
liquids by secreting digestive enzymes [to] dissolve muscle and other soft tissue, by 
opening up the carcass, and by leaving strands of ligamentous and other tissue which 
rapidly dry.”  Thus, consumption of carrion by blow fly larvae directly affects the rate of 
faunal succession by controlling the accessibility of internal resources.  For example, 
once the dominant food resource is exhausted (i.e., muscle tissue present during active 
decay), the current species complex will diminish and become replaced by a new 
assemblage of species that are more attracted to the remaining resources, such as internal 
organs, dried tissues, and exposed bone of advanced decay.  Therefore, succession of 
necrophilous insects at a carcass is associated with the type and amount of resources 
available at a given period of time.  This shift in species composition signifies the next 
“wave” of insects associated with a carcass or corpse and is indicative of classic 
succession within an ecosystem.  
Five Stages of Decomposition 
Species composition and faunal succession patterns associated with the carrion 
habitat generally occur in accordance with the rate of decomposition.  Several authors 
have described the stages of decomposition for humans and animals, assigning as few as 
two and as many as eight stages (Megnin 1894).  Current literature typically refers to 
decomposition as a process of five stages that are not necessarily discrete.   
The following definitions for these five stages were adopted from Bornemissza 
(1957) and supplemented with time intervals specific for Louisiana for adult swine from 
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spring to late fall:  1) Fresh or “Initial Decay” Stage. 0-2 Days postmortem.  The corpse 
appears fresh externally though bacteria begin decomposition internally.  2) Bloated or 
“Putrefaction” Stage. 2-4 Days postmortem.  The corpse becomes bloated from the 
production of gases by digestive bacteria in the stomach and intestine.  A distinct odor of 
decomposition is present.  3) Active Decay or “Black Putrefaction” Stage. 4-8 Days 
postmortem.  The beginning of this stage is marked by the deflation of the body and the 
end by the mass migration of blow fly larvae.  Flesh becomes creamy in consistency and 
exposed parts turn black from aerobic protein degradation (hence, “black putrefaction”).  
A very strong odor of ammonia is present.  4) Advanced Decay or “Butyric 
Fermentation” Stage. 9-12 Days postmortem.  The majority of blow fly larvae have 
migrated away to undergo pupariation, and thus, have left behind a “leveled” outline of a 
corpse.  The remaining corpse is drying out though some pockets of soft tissue and 
adiposere (i.e., a white, cheesy substance formed from the accumulation of fatty 
constituents not yet decomposed) persist.  The odor is strong of ammonia and butyric 
acid.  5) Dry Remains or “Dry Decay” Stage. 13+ Days postmortem.  The corpse is 
almost “dry” with varying amounts of hair or fur, bones with dried ligament, etc. still 
remaining.  The carrion habitat (i.e., surrounding soil and undersides of bone, hide, etc.) 
is rapidly drying up though skeletal remains will not become completely clean and sun-
bleached for many months.          
A corpse or animal carcass will always decompose as specified by these stages of 
decomposition; however, vertebrate scavenging, extreme weather, or complete exclusion 
of insects will alter the normal progression of decaying remains (Payne 1965).  In 
addition, rates of decomposition may vary depending on soil type (i.e., moister soils 
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accelerate decay), season, geographical location, altitude, sun and shade exposure, 
clothing, or placement or condition of a corpse, such as indoors, aquatic environments, 
buried, burned, hung, dismembered, complete exclusion of insects, etc. 
Carrion Trophic Interactions 
Carrion communities are defined by the trophic interactions established between 
necrophagous, sarcophagous, coprophagous, dermatophagous, and keratophagous 
species, as well as detritivores, parasitoids, predators and prey (Bornemissza 1957; Reed 
1958; Cornaby 1974; Lord and Burger 1984; Braack 1987).  The following descriptions 
of these members of carrion food webs were adopted from Braack (1987).  A 
necrophagous species is simply any species that feeds on carrion (i.e., any portion of a 
corpse or carcass).  Sarcophagous species feed specifically on decaying flesh and 
associated fluid by-products (the major attractant for dipteran flies).  Coprophagous 
species generally feed on dung or related components.  Within this later group, adults and 
larvae of some scarabaeids, muscids, piophilids, sphaerocerids, etc., also utilize stomach 
and intestinal contents of humans and animals (i.e., rumen contents of herbivores, etc.).       
Dermatophagous species feed on drying tissues, hair, hide, fur, and ligamentous 
skin and bone.  Adults and larvae of Dermestidae are the predominant consumers of these 
remaining portions of the carrion, along with Cleridae, Trogidae, and certain mites.  
Keratophagous species are unique in that they feed specifically on keratinous sheaths of 
bovine horns and mammal hooves.  Since this is a narrowly exploited resource that 
persists for long periods of time, most researchers have not considered species such as the 
tineid moth, Ceratophaga vastella, as an active member of the carrion community.  
Certain Trox spp. (Trogidae) have also been reported feeding on hooves and horns.   
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Detritivores are loosely defined as species that feed upon fragments or particulate 
matter discarded by other organisms (i.e., dermestids will eat fly larvae partially 
consumed by histerids, staphylinids, etc.).  Ants and other opportunistic species actively 
scavenge organic offal.  The majority of carrion predators prey on blow fly larvae and/or 
species of lesser flies (i.e., Hydrotaea, Fannia, piophilids, etc.).  Additional prey includes 
fly eggs, mating and emerging flies, or adult and immature beetles.  Parasitoids are 
commonly observed parasitizing blow fly immatures (i.e., eggs through pupae), though 
life stages of smaller flies are also suitable hosts. 
Early Influences of Carrion Ecology on Forensic Entomology 
Prior to the introduction of forensic entomology, the majority of carrion ecology 
research focused on illustrating life histories of economic species (i.e., primary 
screwworm and sheep blow flies) or species having unique life histories (i.e., the 
endangered American burying beetle, Nicrophorus americanus Olivier (Bornemissza 
1957).  However, a few early carrion ecology studies (Fuller 1934; Bornemissza 1957; 
Reed 1958; Payne 1965) did focus on carrion community structure and faunal succession 
patterns of necrophilous insects.  These preliminary studies are now credited with 
establishing the working foundation of today’s growing field of forensic entomology.   
Payne’s research (1965) continues to be duplicated and regularly referenced in 
forensic entomology literature.  His experiments included documenting species 
composition and successional patterns of insects on baby swine during the summers of 
1962 and 1963 in South Carolina.  By today’s standard, Payne’s work was elementary 
and overly simplified.  However, Payne was the first to demonstrate carcass 
decomposition without the influence of insects was significantly slower and qualitatively 
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different by screening pigs in cages (complete exclusion of insects).  Shortly after the 
publication of Payne’s dissertation, a handful of individuals across the country began 
dabbling in “classic” swine carrion studies to establish development rates and faunal 
succession patterns of insects for the purpose of determining time of death.  
These early carrion ecology studies demonstrated how necrophilous insects, in 
conjunction with bacteria, fungi, and vertebrate scavengers, are pivotal to recycling 
nutrients to the parent community.  Early ecologists like Payne and Reed planted the seed 
which germinated within the minds of many…why not incorporate ecological 
perspectives to modern forensic science?  As Payne (1965) stated, a fresh corpse or 
carcass is nothing more than a mini-habitat undergoing “a gradual change in the number 
of individuals and species beginning with the flesh feeders and ending with the skin 
eaters.”    
Forensic Entomology 
The incorporation of entomological evidence has become extremely valuable in 
determining postmortem intervals of illegally poached wildlife, as well as human 
homicides, suicides, and other unattended deaths (Keh 1985).  Entomologists apply basic 
carrion ecology principles, along with the understanding of development rates and life 
cycles of necrophilous insects, to estimate the minimum time elapsed since death.  The 
insects of most forensic importance are those species that are intrinsically associated with 
decomposing remains (i.e., necrophilous flies and beetles).   
Blow flies are the primary insects of forensic importance (i.e., “first wave”) given 
that female flies are able to locate a fresh corpse and begin depositing eggs within 
minutes of death (Kintz et al., 1990).  The presence of these initial eggs and emerging 
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first instar larvae serve two purposes: first, as a catalyst for rapid species recruitment; and 
second, as the “indicator” of the minimum time elapsed since death.  Lord et al. (1986) 
defined the indicator species as the most mature larva demonstrating the longest period of 
association with the decomposing remains, and hence, the indicator of the minimum time 
elapsed since death.  Thus, the initial egg masses and subsequent larvae serve as the 
starting point or “hypothetical time of death”.  In other words, forensic entomologists 
utilize their knowledge of egg laying behaviors of female flies to estimate the minimal 
time elapsed since death.  Majority of forensically important fly species belong to the 
families Calliphoridae (blow flies), Sarcophagidae (flesh flies), and Muscidae (house 
flies) and are considered to be the most important decomposers of carrion (Payne 1965). 
Shortly after the arrival and colonization of a corpse by dipteran flies, the “second 
wave” of carrion-frequenting insects (i.e., beetles) quickly become associated with 
decaying remains (Greenberg 1991).  A significant portion of the beetles inhabiting a 
corpse are predators (i.e. Histeridae, Silphidae, and Staphylinidae) of fly larvae and/or 
other visiting arthropods.  However, the scavenging families Dermestidae, Scarabaeidae, 
and Cleridae are also abundant and collectively represent the second most important 
carrion decomposers (DeSouza and Linhares 1997).  All necrophilous insects recovered 
from decaying matter display a predictable pattern of association (i.e., “waves of 
insects”) depending on time elapsed since death, geographical location, and degree of 
corpse decomposition (Erzinclioglu 1983).  Entomologists are able to establish 
postmortem intervals by combining these observed predictive “waves,” or faunal 
succession patterns of carrion-frequenting insects, with the understanding of development 
rates and life cycles (Goff and Lord 1994).  Thus, insects continue to provide valuable 
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clues to the time of death beyond the first generation of blow flies (or muscid and flesh 
flies), however, the estimated time interval will increase as time progresses from a few 
days to possibly weeks.   
Louisiana Necrophilous Diptera 
 The local insect fauna of a geographical region is unique, so the indicator species 
and species composition at carrion will vary accordingly.  Development rates of blow fly 
species differ depending on species, temperature, humidity, season, altitude, and 
availability of carrion.  The blow fly life cycle of Louisiana species generally requires 10 
to 12 days for completion except during abnormally warm summer or cool winter 
conditions (Tessmer and Meek, 1996).  Therefore, postmortem intervals established 
within the first two weeks of decomposition typically provide the most accurate estimates 
of time since death for southeastern United States. 
 According to Tessmer and Meek (1996), the predominant blow fly species of 
southeastern Louisiana during the spring season is the black blow fly, Phormia regina 
(Meigen); whereas the summer and fall seasons are associated with the secondary 
screwworm, Cochliomyia macellaria (F.).  Tessmer and Meek also determined that the 
green blow flies, Phaenicia sericata (Meigen) and [P. coeruleiviridis (Macquart)], are the 
primary calliphorid species during the winter season.  Additional dipteran flies of 
forensic importance include Calliphora vicina Robineau-Desvoidy and Chrysomya 
rufifacies (Macquart) (Calliphoridae); lesser house and latrine flies, F. canicularis (L.) 
and Fannia scalaris (F.) (Fanniidae); dump flies, Hydrotaea dentipes (F.) and H. 
leucostoma (Wied.) (Muscidae); several species of cheese skipper flies including 
Piophila casei (L), Prochyliza xanthostoma Walker, and Stearibia nigriceps Meigen 
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(Piophilidae); flesh flies of Sarcophagidae; and the black solider fly, Hermetia illuscens 
(L.) (Stratiomyidae).         
Hairy Maggot Blow Fly 
 Indigenous to tropical regions of Australia and the Orient, the hairy maggot blow 
fly, Chrysomya rufifacies (Macquart), was first reported in the New World by Jiron in 
1979 in Costa Rica (Baumgartner 1993).  By the early 1980’s, C. rufifacies had been 
reported from several locations in Texas (Gagne et al. 1982, Richard and Ahrens 1983).  
However, C. rufifacies larvae were not recorded in Louisiana until October 1995 during a 
forensic entomology field study (Martin et al. 1996).  Within three days of initiating the 
experiment, C. rufifacies became the predominant blow fly species associated with the 
swine carcasses.  Three years later, C. rufifacies larvae were discovered for the first time 
in Little Rock, Arkansas during a similar forensic entomology workshop (Meek et al. 
1998).   
Chrysomya rufifacies is of tremendous forensic importance due to its rapid 
colonization and preference for larger carcasses (Byrd and Butler 1997).  Goodbrod and 
Goff (1990) determined under laboratory conditions that first instar larvae are entirely 
necrophagous (feeding on carrion) while second and third instar larvae are facultatively 
cannibalistic and/or predaceous on other dipteran larvae.  In addition, Baumgartner 
(1993) reported that C. rufifacies larvae not only attack other larvae but also repel and 
literally drive them off the carcass.  Wells and Greenberg (1992b) showed that C. 
rufifacies larvae reduced the number of C. macellaria in laboratory interactions, stating 
that under artificial conditions C. macellaria could be driven to extinction.  Interactions 
between C. rufifacies and C. macellaria are of great importance since these two species 
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coexist in Louisiana due to nearly identical temperature and food requirements (Hall 
1948, Denno and Cothran 1975, Wells and Greenberg 1992a).  Thus, the potential for 
considerable reductions in future generations of C. macellaria is of concern.       
Byrd and Butler (1997) anticipate that C. rufifacies will undoubtedly become one 
of the primary fly species of forensic importance due to its limited larval length variation 
and highly predictable development time (i.e., predaceous behaviors favor consistent 
larval growth). 
Postmortem Interval Estimation of Wildlife 
Traditional techniques for establishing time of death of deceased wildlife are only 
effective for 72 hours postmortem at most (Gill and O’Meara 1965, Oates 1996).  In 
addition, Stockdale (1989) stated that the accuracy of confidence intervals for 
postmortem estimations for deer widen after 6 hours and are of minimal value beyond 18 
hours.  The four current methods used by Louisiana wildlife law enforcement for 
determining PMI (predominantly for white-tailed deer) include: measuring electrical 
stimulus of adenosine triphosphate (ATP) within muscle tissue; rate of decreasing 
internal temperature in relation to ambient temperature; degree of rigor mortis; and 
physical changes of the eye.  However, the presence of ATP is generally not detectable 
after 3 hours postmortem.  Internal body temperature recorded from deer naso-pharyngeal 
region and thigh muscle is of no value beyond approximately 48 hours because carcass 
and ambient temperatures reach equilibrium.  Postmortem temperatures recorded from 
the mouth and ear of deceased American black bears, Ursus americanus, of Pennsylvania 
were no longer of value after 27 hours (though average equilibrium temperature was 
reached at ~12-13 hours PM) (Oates et al. 1984) 
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Rigor mortis, or stiffening of muscle joints, occurs soon after death in a 
predictable manner and is later reversed due to internal chemical changes.  The entire 
process of stiffening and relaxing of a carcass also takes place within the first two days.  
Lastly, the physical changes of the eye, including pupil size and degree of transparency 
and luminescence, will no longer be of value by day three (i.e., eye decomposed and/or 
consumed by fly larvae).  Thus, the use of insects will contribute significantly to the 
establishment of time of death for wildlife recovered three or more days postmortem.     
Louisiana Black Bear 
The Louisiana black bear, Ursus americanus luteolus Griffith, is one of 16 
subspecies of the American black bear (Ursus americanus) and was designated as a 
threatened species by the U. S. Department of the Interior, Fish and Wildlife Service, 
effective 7 January 1992 (Neal 1992).  The historic range of the American black bear was 
widespread in North America, from northern Alaska and northern Canada, including 
Newfoundland, and south to central northern Mexico (Lowery 1974).  The Louisiana 
black bear was identified as a subspecies in 1955 with a historic range of Louisiana, 
southern Mississippi, and east Texas (Hall 1981).  As of 1980, greater than 80 % of this 
historical habitat has undergone extensive modification, with the quality of remaining 
habitat being further reduced due to fragmentation and increased agriculture (U.S. Fish 
and Wildlife Service 1995).  
Current distribution of the Louisiana black bear is presumed to be associated with 
two known breeding bear subpopulations occurring in the Tensas (rural northeastern 
Louisiana) and Atchafalaya (south-central Louisiana) River Basins (U.S. Fish and 
Wildlife Service 1995).  Additional areas of potential bear occupation include areas of the 
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Mississippi corridor in southwestern Mississippi and adjacent Tunica Hills of Louisiana; 
as well as smaller areas in the lower East Pearl River and lower Pascagoula River basins 
of southern Mississippi.  The Recovery Plan for the Louisiana black bear includes 
restoring and protecting bear habitat, maintaining viable subpopulations in the Tensas and 
Atchafalaya River Basins, establishing immigration and emigration corridors between 
these subpopulations, and further research on population viability and bear biology (U.S. 
Fish and Wildlife Service 1995).  The estimated date of recovery is 2025. 
American Alligator 
The American alligator (Alligator mississippiensis Daudin) currently inhabits 
wetland areas from North Carolina to Texas and north to Arkansas and Oklahoma.  
Historically, it is believed that American alligators inhabited the current range, and 
occurred northwards as far as Maryland until about half a million years ago (Alderton 
1991).  Alligator populations were harvested legally and illegally to near extinction by 
the 1960’s, resulting in the classification of the alligator as a federally endangered species 
by the U.S. Department of the Interior Fish and Wildlife Service, effective 11 March 
1967 (Neal 1987).   
Recovery of alligator populations was rapid in many parts of its range due to 
Federal and State protection (Neal 1981).  In fact, Louisiana began controlled harvests in 
1972 with supervised harvests continuing annually since (with the exception of 1974 and 
1978) (Chabreck 1980, Roberts 2001).  The alligator was reclassified as ‘Threatened due 
to Similarity of Appearance’ [to endangered alligators] in three Louisiana Parishes 
(Cameron, Vermilion, and Calcasieu) on 26 September 1975; however, alligator 
populations from all other parts of its range retained endangered status (Greenwalt 1975).  
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Two years later, alligator populations in nine coastal Parishes were delisted to Threatened 
species on 10 January 1977 (Greenwalt 1977) and then reclassified to Threatened due to 
Similarity of Appearance on 25 June 1979 (Dodd 1979).  Alligators in the remaining 52 
Parishes of Louisiana were reclassified to Threatened due to Similarity of Appearance on 
10 August 1981 (Neal 1981) and all alligator populations across its entire range were 
reclassified to this final designation on 4 June 1987 (i.e., designated as a ‘Delisted Taxon, 
Recovered’) (Neal 1987). 
Since excessive alligator harvesting (i.e., commercial trade of meat and hides) 
was the predominant cause for becoming endangered initially, all commercial and private 
harvesting of alligators is now strictly regulated by CITES (Convention on International 
Trade in Endangered Species of Wild Fauna and Flora).  Therefore, for law enforcement 
purposes, American alligators remain classified as ‘Threatened due to Similarity of 
Appearance’ even though they are biologically neither endangered nor threatened.  A 
regulated harvest is permitted under Louisiana State Law for one month a year 
(September) in which alligator tags are issued in advance by permit only (i.e., approval to 
harvest an alligator requires both biological surveys of alligator populations and a 
minimum of 200 acres of suitable habit).  Today’s wild harvest and commercial alligator 
farming is based on sustainable management principles (originating from species 
recovery plans) and is regarded as a unique and lucrative natural resource of Louisiana 
(Roberts 2001).    
White-tailed Deer 
Two subspecies of white-tailed deer occur in Louisiana, Odocoileus virginianus 
macrourus (Rafinesque) (known as the Kansas white-tail, found throughout most of 
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Louisiana) and O. v. mcilhennyi (Miller) (Avery Island subspecies found along coast).  
White-tails are abundant in Louisiana with estimated populations between 750,000 to 1 
million (Moreland 1996).  However, deer populations of pre-colonial Louisiana were 
believed to be between 250,000 and 400,000.  Habitat reduction and increased harvesting 
caused white-tailed deer populations to bottom at an estimated all-time low of 20,000 
deer by 1925 (Moreland 1996).  
Over the next 75 years, deer populations dramatically increased to present day 
numbers as a result of several factors: 1) habitat loss and heavy hunting in northern 
portions of the state caused white-tails to retreat to bottomland areas of river basins where 
original populations were low; 2) survival increased in these lowlands due to decreased 
human interference; 3) overall deer habitat improved due to heavy logging (created 
understory for food and cover) and construction of levees (reduced flooding in the 
Mississippi delta); 4) deer management programs initiated in the late 1940’s with 
coordinated deer trapping and restocking programs following shortly thereafter 
(Moreland 1996).  Today’s Louisiana white-tails are highly regulated to ensure deer 
heard health by closely monitoring availability and quality of food and habitat.  Deer 
hunting not only contributes to the economy of Louisiana, but also is the critical factor 
necessary to maintain deer populations near or below carrying capacity.            
Poaching of Louisiana Wildlife 
The illegal take of wildlife is a serious offense.  Approximately 16,000 total 
poaching cases occur annually in Louisiana for all animal species.  However, roughly one 
half of these cases are not prosecuted due to lack of evidence.  The Louisiana Department 
of Wildlife and Fisheries estimates that approximately 1000 white-tailed deer and 250 
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American alligators are illegally harvested annually, with roughly twenty percent of these 
poaching cases of deer and alligator solved per year (i.e., successful convictions for 150-
200 deer and 50 alligator cases).  The LDWF anticipates that the addition of 
entomological evidence will provide law enforcement officers with the opportunity to 
solve up to 1000 additional cases per year (pers. con. Major Brian Spillman, LDWF).    
Depending on court discretion, convicted poachers of deer or alligator are fined 
$750 to $1500 per offense and/or sentenced to 30 days in jail.  In addition, guilty persons 
must pay a civil restitution fee for the estimated “replacement costs” of the wildlife taken.  
The civil restitution fee for a white-tailed deer is $525, while the fees for alligators are 
$35 per foot and $2.21 per lbs.   
The LDWF estimates that there are no more than ~500 Louisiana black bears 
remaining, with four to five bears killed illegally each year.  Wildlife law enforcement 
officers estimate that only one to two cases are solved as the remaining carcasses are 
either never recovered or found three or more days postmortem.  Since Louisiana black 
bears are a threatened species, the combined penalties are considerably higher at $10,000 
in civil restitution fees plus a $750-1500 poaching fine and up to 120 days in jail.   
According to the above statistics, Louisiana Parishes collect approximately 
$350,000 annually in penalties and restitution fees for successfully prosecuted cases of 
deer and alligator (i.e., 200 deer and 50, 5-foot alligators at $1500 poaching fine).  
Furthermore, even by a conservative estimate, the incorporation of forensic entomology 
may result in additional $100,000 in recovered fines and restitution fees for deer and 
alligator alone (i.e., 60 deer and 15, 5-foot alligators).   
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Rationale for Research 
 Currently, there are limited or no published field data relating directly to 
successional patterns, development rates, and species composition of necrophilous insects 
on high profile wildlife carcasses (i.e., Louisiana black bear, American alligator, white-
tailed deer) in the southeastern Gulf Coast states, and potentially the entire United States.  
Shoopman (1997) and Anderson (1999) reported the use of insects in criminal 
investigations of illegally killed black bears in Louisiana and Manitoba, Canada, 
respectively; however, no further entomological information was provided regarding life 
histories of necrophilous insects associated with bear carrion.  Therefore, the following 
forensic entomology cooperative research project was established between the LDWF 
and the Louisiana State University Agricultural Center in 1999.   
 This research was conducted in a representative Louisiana habitat where 
suspicious wildlife deaths typically occur during the seasons animals are most often 
illegally harvested.  Results from these field experiments will serve to establish an 
entomological protocol to ensure that the use of rigorous, standardized entomological 
data become a routine part of crime scene investigation of wildlife deaths.  Lastly, the 
continued research on swine carrion further strengthens our understanding of this habitat 
and it’s application to human homicides. 
Research Objectives 
 A.  Develop an entomological database of species composition, faunal succession  
  patterns, and species and life stage interactions of necrophilous insects  
  associated with three wildlife species typically recovered from  
  southeastern Louisiana. 
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 B.  Determine seasonal variation for insect development rates and species  
  composition of wildlife carcasses during spring and fall 1999, and winter  
  2000. 
 C.  Evaluate statistical techniques for applicability to wildlife carrion studies and  
  forensic data.  
Methodology 
Fresh carcasses of three wildlife species were placed in a mixed flatwoods forest 
of the Waddill Outdoor Education Center (WOEC) located in East Baton Rouge Parish, 
Louisiana (30o47’N 91o15’W).  Three field experiments were performed representing 
different seasons of the year: 1 April-1 July 1999 (spring representative); 5 October-7 
December 1999 (fall); and 18 January-31 March 2000 (winter).  A summer representation 
was not requested by the LDWF since the majority of poaching cases occur during 
official hunting seasons.   
The WOEC comprises 115.6 ha of mixed flatwoods dominated by sweet gum 
(Liquidambar styraciflua L.), water oak (Quercus nigra L.), white oak (Quercus alba L.), 
yellow poplar (Liriodendron tulipifera L.), and loblolly pine (Pinus taeda L.).  The forest 
understory includes a scattering of dwarf palmettos (Sabal minor (Jacq.)), greenbrier 
(Smilax spp.), and eastern poison ivy (Toxicodendron radicans (L.)).  The area is 
buffered by an additional 120 ha of undeveloped land.      
Four animal species were selected for the research: Three wildlife species, 
Louisiana black bear, white-tailed deer, and American alligator; and swine (Sus scrofa 
Linneaus).  Swine carcasses are the most commonly used reference species in forensic 
entomology studies, thus, the additional two swine carcasses in each study serve as a 
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standard for comparison purposes (De Souza and Linhares 1997; Greenberg 1991; Payne 
1965; Payne and King 1970; Shean et al. 1993).  Each study season utilized two 
carcasses of each animal type with the exception of the Louisiana black bear.  Due to its 
legally protected status as a threatened species, Louisiana black bear cannot be 
terminated for experimental purposes; thus, only a single bear carcass was monitored 
during each of the studies. 
Louisiana Department of Wildlife and Fisheries personnel selected seven sites 
approximately 300 m apart.  All three seasonal studies used the same seven sites with 
fresh carcasses randomly assigned to each at the beginning of the studies.  To minimize 
vertebrate scavenging, carcasses were surrounded by a 1 m high, 0.64 cm2 hardware 
screen enclosure secured to wooden stakes.  This type of barrier was selected because the 
metal screening prevented small vertebrates from disturbing the research sites while 
allowing unrestricted access to the carcasses by necrophilous arthropods.     
Deceased bear carcasses were donated to this research as they became available 
(i.e., struck by a vehicle).  However, only one carcass was suitable for research purposes 
at the beginning of each study.  Bear carcasses were typically killed on rural highways in 
southern Louisiana after nightfall.  All carcasses were retrieved by wildlife officers, 
wrapped in polyethylene, and transported to the Wildlife and Fisheries building at 
Louisiana State University to be stored in a walk-in freezer at – 0.5 o C.  All bear 
carcasses were intact, with no, or minimal external wounds, and no evidence of previous 
insect activity.   
Adult female deer and juvenile alligators (i.e., ~1-1.6 m) were harvested by 
Louisiana wildlife officers, wrapped in polyethylene, and stored in a walk-in cooler (6.1 o 
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C) at the Louisiana Department of Wildlife and Fisheries (LDWF) headquarters in Baton 
Rouge.  Deer were terminated using a .270 caliber rifle, while alligators were killed by 
blunt force trauma to the head by an approved mechanical device typically used at 
alligator farms.  Prior to the beginning of each season, a bear carcass was transferred to 
the walk-in cooler at the LDWF to begin thawing.  All frozen carcasses were transported 
to WOEC one day before the start of each study, placed at their assigned sites, and left 
overnight, still wrapped in polyethylene, to allow the external surfaces of the carcasses to 
reach ambient temperature before the start of the study the next day.   
Swine carcasses were donated by the Louisiana State University Agricultural 
Center.  Two swine carcasses were harvested the morning of each study, wrapped 
securely in polyethylene, and immediately transported to WOEC for the start of the 
experiment.  These animals were killed by means of a captive bolt gun, a .22 caliber gun 
that sends a retractable metal rod into the brain.  Death was immediate and there was a 
single entry wound on the dorsal surface of the skull.    
All carcasses were monitored simultaneously for necrophilous arthropods by three 
sampling methods: Aerial sweep net, manual sampling of the carcass and surrounding 
soil, and pitfall traps.  Pitfall traps consisted of two 0.5 L Solo® drink cups seated within 
each other and sunk into the ground approximately 25 cm from the carcass, and 76 cm 
from the next trap (i.e., 4 traps at swine and alligator, 5 at deer and bear).  Traps included 
a 10 x 18 cm aluminum sheathing cover and contained propylene glycol as a 
preservative.  Data collected from pitfall traps are of particular interest for two reasons: 
1) provide data necessary for quantitative analyses; and 2) provide continuous 
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surveillance of insect activities, including nocturnal and other cryptic behaviors that 
potentially would have otherwise gone undocumented. 
Sampling regime varied slightly per season but approximated to be the following: 
daily sampling for 14 days, followed by sampling every-other-day for 14 days, then by 
sampling twice-a-week for 14 days, and finally once-a-week until skeletonization (i.e., 
average of 4-5 weeks).  Sampling efforts were terminated at varying time intervals 
depending on season and the length of time required for each animal type to reach dry 
remains.         
Meteorological data were recorded on site per sampling event, including rainfall 
and ambient temperature (i.e., high, low, and time of sampling temperature).  These data 
were supplemented with similar climatic information recorded by the Louisiana Office of 
State Climatology for the duration of each study.  Internal temperature of each animal 
carcass was documented using a 12.7 cm stem metal thermometer inserted deep into the 
ribcage.  Carcass temperature, including the generated maggot mass heat, was recorded 
until skeletonization.    
Specimens collected manually were preserved on site in 80% ethyl alcohol, while 
insects caught aerially were anesthetized in ethyl acetate and transferred to labeled plastic 
sandwich bags.  Live collections of eggs and larvae of Calliphoridae were taken daily for 
the first week and reared in the laboratory for positive identifications.  Additional 
postfeeding larvae and pupae of both Calliphoridae and Muscidae also were reared at 
varying times.  All specimens were identified and curated to establish a reference 
collection.  Vouchers were deposited in the Louisiana State Arthropod Museum. 
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The collected samples (roughly 3,500 at completion of fieldwork) were identified 
and monitored over time for developmental rates.  A representative portion of these insect 
samples were pinned, labeled, and maintained in a reference collection.  Necrophilous 
taxa were identified to species (and/or lowest taxonomic level possible) using available 
keys and/or comparison with authoritatively identified museum specimens, or through 
consultation with specialists (see Acknowledgements).  Non-necrophilous taxa were 
identified to the lowest practical taxonomic level. 
Voucher specimens were deposited in the Louisiana State Arthropod Museum for 
future reference.  Through the use of this collection, succession patterns and species 
composition of necrophilous insects associated with wildlife carcasses will also be 
determined.  Most importantly, the reference collections will provide the basis in which a 
diagnostic tool will be established to estimate the post-mortem intervals of future wildlife 
deaths, and ultimately, to incriminate those guilty of poaching.   
Additional methodology and/or further details are provided in the Materials and 
Methods section in each of the following four chapters.  Statistical analyses performed on 
both qualitative and quantitative data are described in chapter four.  Chapters are 
formatted as separate articles for publication. 
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SPRING SUCCESSION OF NECROPHILOUS INSECTS ON WILDLIFE 




The utility of necrophilous insects in criminal investigations has been well 
documented for human deaths (Keh 1985, Smith 1986, Erzinclioglu 1989, Goff and 
Flynn 1991, Greenberg 1991, Anderson 1995, Benecke 1998).  On the other hand, limited 
published information is available regarding insects and the establishment of postmortem 
intervals (PMIs) for suspicious wildlife deaths (Shoopman 1997, Anderson 1999).  The 
same entomological criteria used in determining time of death for humans are applicable 
for deceased wildlife.  Insects present on wildlife carcasses can provide wildlife law 
enforcement officers with valuable information necessary to incriminate poachers.     
Traditional techniques for estimating time of death of deceased wildlife are 
generally only effective for 72 hours postmortem at most (Gill and O’meara 1965, Oates 
1996).  The four current methods used by Louisiana wildlife law enforcement for 
determining PMI include: Measuring electrical stimulus of adenosine triphosphate (ATP) 
within muscle tissue; rate of change in internal temperature in relation to ambient 
temperature; degree of rigor mortis; and physical changes of the eye.  However, the 
presence of ATP is generally not detectable after three hours postmortem, and internal 
body temperature is of no forensic value beyond approximately 48 hours because carcass 
and ambient temperatures reach equilibrium. 
Rigor mortis, or stiffening of the muscle joints, occurs soon after death in a 
predictable manner and is later reversed due to chemical changes.  The entire process of 
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stiffening and relaxing of a carcass also takes place within the first two days.  Lastly, the 
physical changes of the eye, including pupil size and degree of transparency and 
luminescence, will no longer be of value by Day 3 (i.e., eye becomes decomposed and/or 
consumed by fly larvae).  Thus, the use of insects will contribute immensely to the 
establishment of time of death for wildlife recovered three days or more postmortem. 
The aim of this research is two-fold: First, to establish an entomological database 
for three wildlife species typically poached during spring and early summer in Louisiana; 
second, to apply this knowledge to future investigations of illegally harvested wildlife.     
Materials and Methods 
This study was conducted from 1 April to 1 July 1999 at the Waddill Outdoor 
Education Center in East Baton Rouge Parish, LA.  The Waddill Outdoor Education 
Center (WOEC) comprises 115.6 ha of mixed flatwoods dominated by sweet gum 
(Liquidambar styraciflua L.), water oak (Quercus nigra L.), white oak (Quercus alba L.), 
yellow poplar (Liriodendron tulipifera L.), and loblolly pine (Pinus taeda L.).  The forest 
understory includes a scattering of dwarf palmettos (Sabal minor (Jacq.)), greenbrier 
(Smilax spp.), and eastern poison ivy (Toxicodendron radicans (L.)).  The area is 
buffered by an additional 120 ha of undeveloped land.      
Four animal species were selected for the research: Three wildlife species, 
Louisiana black bear (Ursus americanus luteolus Griffith), white-tailed deer (Odocoileus 
virginianus Rafinesque), and American alligator (Alligator mississippiensis Daudin); and 
swine (Sus scrofa Linneaus), as the experimental reference (the most commonly used 
reference species in forensic studies).  Two carcasses of each animal type were used with 
the exception of the Louisiana black bear.  Due to its legally protected status as a 
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threatened species, Louisiana black bear cannot be terminated for experimental purposes; 
thus, only a single bear carcass was monitored during the study. 
Louisiana Department of Wildlife and Fisheries personnel selected seven sites 
approximately 300 m apart.  Each site was randomly assigned one fresh carcass.  To 
minimize vertebrate scavenging, each carcass was surrounded by a 1 m high, 0.64 cm2 
hardware screen enclosure secured to wooden stakes.  This type of barrier was selected 
because the metal screening would prevent small vertebrates from disturbing the research 
sites while allowing unrestricted access to the carcass by necrophilous arthropods.     
Deceased bear carcasses were donated to this research as they became available 
(i.e., struck by a vehicle).  However, only one carcass was suitable for research purposes 
at the beginning of this study.  This bear carcass had been accidentally killed on a rural 
highway in southern Louisiana after nightfall, retrieved by wildlife officers, wrapped in 
polyethylene, and transported to the Wildlife and Fisheries building at Louisiana State 
University.  It was stored in a walk-in freezer at – 0.5 o C.  The carcass was an intact, 
eleven-year-old male weighing ~146 kg with no external wounds and no evidence of 
previous insect activity.   
Both the adult female deer (31.5 and 40.5 kg) and juvenile alligators (each with 
length and weights of 0.92/5.5 and 0.99 m/6.1 kg) were harvested by Louisiana wildlife 
officers, wrapped in polyethylene, and stored in a walk-in cooler (6.1 o C) at the 
Louisiana Department of Wildlife and Fisheries (LDWF) headquarters in Baton Rouge.  
Both deer were terminated by a single shot to the head using a .270 caliber rifle.  The 
alligators were killed by blunt force trauma to the head by an approved mechanical 
device typically used at alligator farms.  Four days prior to beginning the experiment, the 
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bear carcass was transferred to the walk-in cooler at the LDWF to begin thawing.  On 31 
March 1999, all wrapped carcasses were transported to WOEC, placed at their assigned 
sites, and left overnight, still wrapped in polyethylene, to allow the external surfaces of 
the carcasses to reach ambient temperature before the start of the study the next day.   
Two swine carcasses weighing 29 and 45 kg, respectively, were donated by the 
Louisiana State University Agricultural Center.  The swine carcasses were harvested the 
morning of 1 April 1999, wrapped securely in polyethylene, and immediately transported 
to WOEC for the start of the experiment.  These animals were killed by means of a 
captive bolt gun, a .22 caliber gun that sends a retractable metal rod into the brain.  Death 
was immediate and there was a single entry wound on the dorsal surface of the skull.    
All carcasses were monitored simultaneously for necrophilous arthropods by three 
sampling methods: Aerial sweep net, manual sampling of the carcass and surrounding 
soil, and pitfall traps for continuous surveillance.  Data presented here pertain only to 
those specimens collected manually.  The sampling regime included daily sampling for 
14 days, followed by sampling every-other-day for 14 days, and finally by sampling 
twice-a-week until skeletonization.  Sampling efforts were terminated at varying time 
intervals depending on the length of time required for each animal type to reach dry 
remains (alligator, 24 days; deer and swine, 68 days; Louisiana black bear, 92 days).         
Meteorological data were recorded on site per sampling event, including rainfall 
and ambient temperature (i.e., high, low, and time of sampling temperature).  These data 
were supplemented with similar climatic information recorded by the Louisiana Office of 
State Climatology for the duration of the study (Fig. 2.1).  Internal temperature of each 
animal carcass was also documented using a 12.7 cm stem metal thermometer inserted 
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deep into the ribcage.  Carcass temperature, including the generated maggot mass heat, 
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Figure 2.1.  Meterological data recorded on site per sampling event from 1 April 1999 to 
1 July 1999.  Daily precipitation recorded at a local station of the Louisiana Office of 
State Climatology. 
 
Specimens collected manually were preserved on site in 80% ethyl alcohol, while 
insects caught aerially were anesthetized in ethyl acetate and transferred to labeled plastic 
sandwich bags.  Live collections of eggs and larvae of Calliphoridae were taken daily for 
the first week and reared in the laboratory for positive identifications.  Additional 
postfeeding larvae and pupae of both Calliphoridae and Muscidae also were reared at 
varying times.  All specimens were identified and curated to establish a reference 
































































Figure 2.2.  Internal carcass temperatures for each animal per sampling eventa.  Max/min 
ambient temperatures recorded on site.  A, Louisiana black bear (site 1); B, deer (sites 2 
and 5); C, alligator (sites 6 and 7); D, swine (sites 3 and 5).  a A terminated at Day 75; B-























(figure 2.2 continued) 
Results 
A total of 93 species (excluding numerous species of unidentified spiders), from 
46 families and three classes, were manually collected from the seven wildlife carcasses 
during the spring of 1999 (Table 2.1).  Only twelve insect species were common to all 
four animal types and at all seven sites: Coleoptera: Euspilotus assimilis (Paykull) 
(Histeridae), Oiceoptoma inaequale (Fab.) (Silphidae), Creophilus maxillosus (L.), 
Philonthus umbrinus (Gravenhorst), Quedius capucinus (Gravenhorst) and Thamiaraea 
lira Hoebbe (Staphylinidae); Diptera: Phaenicia coeruleiviridis (Macquart), Phaenicia 
sericata (Meigen), and Phormia regina (Meigen) (Calliphoridae), Fannia scalaris (Fab.) 
and Hydrotaea leucostoma (Weid.) (Muscidae), Stearibia nigriceps (Meigen) 
(Piophilidae).  One species of phoretic mite of the family Parasitidae was also observed at 
all seven sites.  An additional eight species were collected from all four animal types but 
not at every site: Coleoptera: Hister abbreviatus Fab. (Histeridae), Omosita colon (L.) 
(Nitidulidae), Aleochara lustrica Say, Oxytelus sculptus Gravenhorst and Tachinus 
axillaris Erichson (Staphylinidae); Diptera: Cochliomyia macellaria (Fab.) 
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(Calliphoridae); Sepsis vicaria Walker (Sepsidae); and Isopoda: Porcellio sp. 
(Oniscidae). 
 
Table 2.1.  List of arthropod taxa collected on four animal carcass types sampled in East 
Baton Rouge Parish, LA in spring 1999. 
Animal Carcass Type Order Family Species 
Bear Deer Alligator Swine 
Insecta 
Blattaria Blattellidae Parcoblatta pennsylvanica (De Geer) 1  6  
Coleoptera Carabidae Calosoma scrutator (Fab.) 1   3 
  Chlaenius erythropus Germar   6  
 Cleridae Necrobia rufipes (De Geer) 1 2  3 4 
 Corylophidae Unidentified    4 
 Dermestidae Dermestes caninus Germar 1 2  3 
 Dytiscidae Copelatus glyphicus (Say)  2  4 
 Elateridae Conoderus bellus (Say)   7  
 Geotrupidae Geotrupes splendidus (Fab.) 1 2 5  3 
 Histeridae Carcinops pumilio (Erichson) 1    
  Euspilotus assimilis (Paykull) 1 2 5 6 7 3 4 
  Hister abbreviatus Fab. 1 2 5 7 3 4 
  unidentified larvae 1 2 5 6  
 Hydrophilidae Cercyon floridanus Horn    4 
 Leiodidae Catops simplex Say  5   
  Prionochaeta opaca (Say)  2 5 6  
 Nitidulidae Omosita colon (L.) 1 2 5 6 3 4 
 Ptiliidae Nephanes sp.   2 5  3 4 
 Rhizophagidae Monotoma fulipes Melsheimer 1    
 Scarabaeidae Anomala innuba (Fab.)  2   
  Aphodius rusicola Melsheimer  2   
  Ataenius platensis (Blanchard) 1    
  Deltochilum g. gibbosum (Fab.) 1 2 5  3 
  Onthophagus h. hecate (Panzer) 1   4 
  Onthophagus orpheus pseudopheus Howden 1    
  Phyllophaga bilobatata Saylor    3 
 Silphidae Oiceoptoma inaequale (Fab.) 1 2 5 6 7 3 4 
  Necrodes surinamensis (Fab.) 1 2 5  3 4 
  Necrophila americana (L.)  5 7 4 
 Staphylinidae Acupalpus sp. 1    
  Aleochara lata Gravenhorst 1 2 5  4 
  Aleochara lustrica Say 1 2 5 6 7 4 
  Anotylus sp. 1 2   
  Creophilus maxillosus (L.) 1 2 5 6 7 3 4 
  Oxytelus convergens LeConte  2  4 
  Oxytelus pennsylvanicus Erichson  2 5   
  Oxytelus sculptus Gravenhorst 1 2 5 6 4 
(table 2.1 continued) 
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(table 2.1 continued) 
  Paederinae (single species to ID) 1 2 5  3 4 
  Philonthus umbrinus (Gravenhorst) 1 2 5 6 7 3 4 
  Quedius capucinus (Gravenhorst) 1 2 5 6 7 3 4 
  Sepedophilus sp.  5   
  Tachinus axillaris Erichson 1 5 7 3 4 
  Thamiaraea lira Hoebbe 1 2 5 6 7 3 4 
  unidentified larvae 1 2 5 6 3 4 
 Trogidae Trox suberosus Fab.  2  4 
Diptera Asilidae Laphria macquarti (Banks) 1 2 5   
 Asteiidae Loewimyia sp.  2   
 Calliphoridae Chrysomya rufifacies (Macquart) 1 2 5   
  Cochliomyia macellaria (Fab.) 1 2 5 6 7 4 
  Phaenicia coeruleiviridis (Macquart) 1 2 5 6 7 3 4 
  Phaenicia cuprina (Hall)    4 
  Phaenicia sericata (Meigen) 1 2 5 6 7 3 4 
  Phormia regina (Meigen) 1 2 5 6 7 3 4 
 Dolichopodidae Diaphorus sp. 1    
 Drosophilidae Scaptomyza sp.  5   
 Empididae Stilpon limitaris Cumming 1 2   
 Hippoboscidae Lipoptena cervi (L.)  2 5   
 Micropezidae Calobatina geometra (Robineau-Desvoidy) 1 2 5  4 
 Muscidae Fannia canicularis (L.)   5   
  Fannia scalaris (Fab.) 1 2 5 6 7 3 4 
  Graphomyia sp.  2  3 
  Hydrotaea dentipes (Fab.) 1   4 
  Hydrotaea leucostoma (Wied.) 1 2 5 6 7 3 4 
  Phaonia sp. 1 2   
  Tricops sp.  5   
 Piophilidae Mycetaulus bipunctata (Fallen)  5 6 3 4 
  Piophila casei (L.)  2 5  3 4 
  Prochyliza xanthostoma Walker 1 2 5  3 4 
  Stearbia nigriceps (Meigen) 1 2 5 6 7 3 4 
 Phoridae Megaselia megaseilia sp.  1    
 Sarcophagidae Argoravinia rufiventris Wiedemann 1 2 5  3 
  Blaesoxipha (Servaisia) sp. 1 2 5  3 4 
 Sepsidae Meroplius stercorarius (Robineau-Desvoidy)   2 5  4 
  Sepsis vicaria Walker 1 2 5 6 3 4 
 Sphaeroceridae Coproica sp.  5   
  Leptocera caenosa (Rondani)    4 
  Leptocera pteremis sp.   6 3 
 Stratiomyidae Hermetia illucens (L.)  1 2 5  3 4 
 Syrphidae Milesia virginiensis (Drury) 1 2 5  3 
  Somula mississippiensis Hull    4 
Hemiptera Reduviidae Melanolestes picipes (Herrich-Schaffer) 1  7  
Hymenoptera Apidae Bombus pennsylvanicus (DeGeer) 1 2  4 
 Braconidae unidentified    2   
 Ceraphronidae Unidentified  2  3 
 Formicidae Camponotus americanus Mayr    3 
(table 2.1 continued) 
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(table 2.1 continued) 
  Camponotus pennsylvanicus (De Geer) 1 2 5 6 7 3 4 
  Crematogaster pilosa Emery  5 6 7 4 
  Pheidole dentata Mayr 1 5 6  
  Solenopsis invicta Smith 1 2 7 3 
  Solenopsis m. molesta (Say)  2 7  
  Tetramorium rugiventris Smith   6 4 
 Ichneumonidae Unidentified 1   4 
 Sphecidae Sphex nudus Fernald 1    
Lepidoptera Nymphalidae Basilarchia arthemis (Drury) 1    
  Polygonia interrogationis (F.) 1 2 5  4 
Odonota Libellulidae Erythemis simplicicollis (Say) 1 5  3 
Arachnida 
Acari Parasitidae Unidentified 1 2 5 6 7 3 4 
Araneae many Unidentified 1 2 5 6 7 3 4 
Opiliones Phalangiidae Unidentified 1   3 
Crustacea 
Isopoda Oniscidae Porcellio sp. 1 5 6 3 4 
Numbers represent the assigned site locations where the taxa were recovered: site 1, LA black bear; sites 2 and 5, white-tailed deer; sites 6 
and 7, American alligator; and sites 3 and 4, swine. 
 
Eleven of the 46 families were not collected at either alligator site but were 
observed at bear, deer, and swine carrion, including: Coleoptera: Cleridae, Dermestidae, 
Geotrupidae, Scarabaeidae; Diptera: Micropezidae, Sarcophagidae, Stratiomyidae, 
Syrphidae; Hymenoptera: Apidae; Lepidoptera: Nymphalidae; and Odonata: Libellulidae.  
In addition, two species of interest absent on alligator carrion were Necrodes 
surinamensis (Fab.) (Silphidae) and Prochyliza xanthostoma Walker (Piophilidae).  Both 
species were present in large numbers on all other carrion types, with N. surinamensis 
being the most abundant silphid species.    
Alligator carrion attracted half as many arthropod families as bear, deer, and 
swine (Table 2.2).  Although the total number of families collected from the three 
mammal species was similar, the most arthropod species observed at a single carcass was 
on the Louisiana black bear.  White-tailed deer carrion attracted more species than swine 
carrion despite similar total body masses (i.e., deer carcasses at sites 2 and 5 weighed 
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40.5 and 31.5 kg, respectively, while the two swine carcasses at sites 3 and 4 weighed 29 
and 45 kg, respectively. 
 
Table 2.2.  Number of taxa recovered from each animal type for each taxonomic level. 
LA black bear White-tailed deer American alligator Swine Taxonomic Level 
Site 1 Site 2 Site 5 Site 6 Site 7 Site 3 Site 4 
Class 3 3 3 3 3 3 3 
Family 33 30 25 15 10 24 25 
Species 61 57 51 28 24 42 49 
Total Family 33 34 17 32 
Total Species 61 70 35 64 
 
Succession patterns for thirteen of the most frequently visiting families of 
necrophilous insects are illustrated for bear, deer, and swine carrion (Fig. 2.3-2.5).  
Alligator carrion, on the other hand, was associated with only eight of the thirteen 
families (Fig. 2.6).  At the beginning of the experiment, calliphorid adults, predominantly 
P. coeruleiviridis, were observed landing on deer and swine carrion within minutes of 
unwrapping the carcasses, whereas, at least fifteen minutes elapsed prior to the first blow 
flies observed at the bear site.  No flies of any species were observed at either alligator 
carcass on the first day of the study.   
Numerous blow fly eggs and active larvae were observed on all carcasses on Day 
2 of decomposition, with the exception of the two alligators.  Both alligator carcasses had 
visible egg masses attached to the skin folds of the axial region and neck area, in leaf 
litter along the body, and as small masses inserted in the corners of the eyes.  However, 
only a few first instar calliphorid larvae were observed on a single alligator within the 
punctured opening created from inserting the metal thermometer into the thoracic cavity.  
No eggs were observed near the mouth or nostrils of either alligator.  This finding was  
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Days of Decomposition 
Arthropod Fauna 
1 5 10 16    19 20    24    28     33    36  rain     47 50   54   57  61   64   68  72   75   78 82 85 89  92 
A   * * * ** * * * ** *        * *  *  *  *  *     *              *  *    *     *        *    *          *   * Calliphoridae 
I     * * ** * * * ** * * *  *    * *  *  *  *  *     *    *       
A   * * * ** * * * * *                 Silphidae 
I                *  *    * * *   *    * *   *   *   *             
A       *         * *    *         * *     *           *            *  *       *     *   *              * Muscidae 
I                  *  *    * *  *  *  *  *     *     *           *  *           *   *   
A       *    * * * *  ** * * *        * *       *   *      *     *           *  *    *    *   *    *     *   *         *  *   *   *   * Histeridae 
I                 *             
A     * * ** * * * ** * * *  *    * *   *   *   *      *     *           *            *  *    *              *              * Staphylinidae 
I                * *        *      *   *                        * 
Scarabaeidae A   *      *                 *        *          *          *   *              * 
A    * * * *  * *  * *         * *   *   *   *     *     *           *  *         *  *    *     *   *     *   *              * Nitidulidae 
I              * *   *   *      *     *           *  *    *  *    *     
Sarcophagidae A             * *              *        * *       *   *     *      *     
A             * * ** * * *  *    * *  *  *     *           *           *  *    *    *   *    *     *   *         *      *   *   * Piophilidae 
I                *     *     *           *  *    *  *          *   *         *   *      *   * 
Sepsidae A             * *   *  *     *      *     
A                * ** * * *        * *      *  *     *     *           *  *    *    *   *    *     *   *     *   *  *   *   *   * Stratiomyidae 
I        *    * *  *  *  *  *     *     *           *  *    *    *   *    *     *   *     *   *  *   *   *   * 
Cleridae A           *   *         *  *     *              *       *   *     *  *   *   *   * 
A           *         *     *    *         *       *   *         *  *   *   *   * Dermestidae 
I                 *           *          *                *   
 
Figure 2.3.  Arthropod succession of manually collected necrophilous insects on one 
Louisiana black bear carcass from 1 April 1999 to 1 July 1999.  AAdults only.  IImmature 
stages including larvae and/or pupae.   
 
Days of Decomposition 
Arthropod Fauna 
1 5 10   rain  19 20      24      28       33      36   rain      47 50     54    57   61    64      68 
A *  *  *  * *  *  *  *  * * * * * *     *   *                *  Calliphoridae 
I     *  *  * *  *  *  *  * * * * * * *   *       *       
A     *  *  * *  *  *  *  * * * * * *         * *   *   *       *      *      *             * *      *    * Muscidae 
I            *  *  * * * * * *         * *   *   *   *   *      *      *             * *      *    *    * 
A     *  *  * *  *  *  *  * * * * * *         * *   *   *   *       *      *             * *      *    *    *     *      * Staphylinidae 
I     * * *         *                         * 
Scarabaeidae A     *      * *       *          *   *   *         *     *      * 
Piophilidae A         *  *          *  *  * * * * * *         * *   *   *   *   *      *      *             *         *    *    *     * 
A         *  * *  *  *  *  * * *     *          * *       *        *   *      *       *     * Histeridae 
I                             *    *     * 
A              * *  *  *  *  * *             Silphidae 
I       * * * *            
A              *              * * * * * * *   *       *      *             * *      *    *    *     *      * Nitidulidae 
I                         *        *        * 
Sarcophagidae A        *      *  *          *   *                   *               *    
A                *  * * * *                  *                 *          * Stratiomyidae 
I                   *     * 
Sepsidae A        * *   *         * *       *       *              *             *     *     * 
Dermestidae I               *             *   * 
Cleridae A                      *        
 
Figure 2.4.  Arthropod succession of manually collected necrophilous insects on two 
white-tailed deer carcasses from 1 April 1999 to 1 July 1999.  AAdults only.  IImmature 




Days of Decomposition 
Arthropod Fauna 
1 5 10  rain   19 20     24     28      33     36   rain       47 50    54    57   61   64     68 
A * * * * * * * * * * * * * *          * *         Calliphoridae 
I    * * * * * * * * * * * * * *      *      *         
Histeridae A    * * * * * * * *   *                       *     
Nitidulidae A     *  *    * *  * *   * * *          * *  *  *  *        *     *           *    *    *      *     * 
Scarabaeidae A     *  *     * *               *               * *   
A    * * * * * *   *               Silphidae 
I            * * *     *                 *       
A    * * * * * * * * * * * * *          * *  *  *  *               *             * *       *            *     * Staphylinidae 
I          * *                    * 
A         *      * * * * * * *   * *          *     *           *                * Muscidae 
I       * * * * * * * *          * *      *        *     *   *        
A         *   * * * * *      *           * *      *          Piophilidae 
I     *        *           * 
Sarcophagidae A         *   *      * *        *       *   
Cleridae A          * *          *             
Sepsidae A            * * *   * *   *           *  *         
Stratiomyidae A            *   *       *         
Dermestidae I            *               
 
Figure 2.5.  Arthropod succession of manually collected necrophilous insects on two 
swine carcasses from 1 April 1999 to 1 July 1999.  AAdults only.  IImmature stages 
including larvae and/or pupae.   
 
Days of Decomposition 
Arthropod Fauna 
1 5 10                 14    rain           19 20      22      24 
A       *    *    * *    *    *    *    *                         *   Calliphoridae 
I       *    *    * *    *    *    *    * *              * 
A             *       *    *    *    *    * *                      *   Muscidae 
I                     *    * *    *    *          *   
A             *    * *    *    *    *    * *    *    *    *    *                       * *          *        Staphylinidae 
I                             *                       *   
A                    * *    *    *    *    * *    *     Silphidae 
I           *                *   
A   *    *    *    *    * *     Histeridae 
I                 *     
Piophilidae A               *          *      
Sepsidae A                           * *           *           
Nitidulidae A                             *   
 
Figure 2.6.  Arthropod succession of manually collected necrophilous insects on two 
alligator carcasses from 1 April 1999 to 1 July 1999.  AAdults only.  IImmature stages 
including larvae and/or pupae.   
 
odd given that female flies generally prefer to oviposit first in moist secluded areas such 
as natural orifices and bodily wounds (Putman 1977, Greenberg 1991).   
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All reared fly eggs and young larvae collected on Day 2 at deer, alligator, and 
swine carrion were green blow flies, P. coeruleiviridis and P. sericata.  The black blow 
fly, P. regina, was the only species collected and successfully reared from the bear 
carrion on Day 2.  Phormia regina was represented in live samples collected from three 
sites on Day 3: Site 1 (bear), site 2 (deer), and site 3 (swine).  Both species of green blow 
flies were reared from live collections taken on Day 3 at sites 2 (deer), 4 (swine), 5 
(deer), 6 and 7 (alligators).  By Day 4 of decomposition, P. regina was either the only 
species or the dominant species reared at all sites.         
All calliphorid species appeared to develop at a similar rate regardless of carcass 
type.  However, minor differences in the timing of events such as the initial migration of 
postfeeding third instar larvae, or the emergence of first generation adults, were 
documented for the different animal carcasses.  For instance, blow fly larvae of the three 
most common species, P. regina, P. coeruleiviridis, and P. sericata (in this order), were 
noted migrating away from swine carrion on Days 7 and 8, while the same three species 
were intercepted from Days 8 through 10 at the deer and alligator sites.  Migrating larvae 
were first seen on Day 8 at the bear and continued to migrate in large numbers through 
Day 16.  These later migrating larvae were predominantly P. regina, with a few 
Cochliomyia macellaria (Fab.), and even fewer Chrysomya rufifacies (Macquart).   
Emerging blow flies were observed in large masses on Days 12 and 13 for swine 
and deer carrion, respectively. A modest number of emerged flies were seen at both 
alligator carcasses on Day 13.  Though in far fewer numbers, newly emerged and/or 
resting adults were observed through Day 14 at all deer, alligator, and swine carcasses.  
No adult blow flies were present at sites 2-7 on Day 16.  Newly emerged adults were first 
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collected at the bear carcass on Day 16 and were observed crawling/hopping through the 
leaf litter regularly until Day 26.       
The family Muscidae was represented mainly by two species, H. leucostoma and 
F. scalaris.  Adult dump flies, H. leucostoma, were collected daily for varying amounts 
of time at all carcasses except the bear (i.e., swine, Days 3-10; deer, Days 4-14; alligator, 
Days 6-10).  Despite the much larger body mass of the bear, adults of H. leucostoma 
were observed only sporadically throughout the study.  In addition, larvae of this species 
were located easily and daily at all sites except the bear: deer, Days 7-14 and 19-50 in 
small quantities; swine, Days 8-14 and 19-22; alligator, Days 9-11.  Relatively few H. 
leucostoma larvae were collected between Days 16-28 at the bear carrion; however, a 
larva or two were collected beneath the bear carcass as late as 78 days into 
decomposition. 
The lesser house fly, F. scalaris, was the other muscid present in large numbers at 
most sites.  Adult F. scalaris were aerially collected often and throughout the study; 
however, the fewest specimens were collected at the bear carcass once again.  Adults 
were first recorded on Day 3 at sites 3 and 4 (swine), site 5 (deer), and site 6 (alligator); 
Day 4 at site 2 (deer); Day 6 at site 7 (alligator); and Day 10 at site 1 (bear).  Fannia 
scalaris adults were collected almost daily through Days 9, 19, and 24 for alligator, 
swine, and deer carrion, respectively.  Larvae of F. scalaris were first recovered from the 
surrounding soil of all seven carcasses ranging from Days 7 to 14 (i.e., swine, Days 7 and 
11; deer, Days 8 and 10, alligator, Days 8 and 10; bear, Day 14).  Larvae and/or pupae 
were collected easily through Days 28, 36, and 47 for swine, bear, and deer carrion, 
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respectively.  No immature forms of this species were recovered after Day 14 at either 
alligator. 
Adult black soldier flies, H. illucens (Stratiomyidae), were collected at all sites 
except the alligators.  Larvae, on the other hand, were only collected in large numbers at 
the bear site.  One deer carcass yielded a few larvae on two sampling events late into 
decomposition.  Hermetia illucens was the dominant insect species associated with the 
bear carcass beginning approximately Day 24 (when calliphorid larvae were no longer 
present), and remained so until the termination of the study Day 92.  Though the bear 
carcass was in an advanced stage of decomposition when the first larvae were recovered 
(Day 14), a considerable amount of body mass still remained to support huge masses of 
H. illucens larvae throughout the remaining 78 days. 
Larvae of the cheese skipper fly, S. nigriceps, were collected regularly and in 
large numbers at the bear carrion throughout advanced and putrid remains.  Larvae of this 
species, as well as H. illucens, were likely collected through the termination of the study 
because moist pockets of adipocere and other byproducts continued to be sheltered under 
sloughed fur, hide and bone.  Piophilid larvae were also collected at both swine carcasses, 
though in limited numbers. 
Adults of O. inaequale (Silphidae) were collected at every site with the longest 
residency at both alligators: Swine, Days 2-7; bear, Days 2-8; deer, Days 4-9; alligator, 
Days 4-11.  Oiceoptoma inaequale larvae were collected for a brief period and only on 
bear (Days 9-10), alligator (Day 11), and swine (Days 9-10) carrion.  Adult N. 
surinamensis (Silphidae) were first observed 2-8 days later than O. inaequale on bear, 
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deer, and swine carcasses.  It was not collected on the alligator carcasses.  The average 
time elapsed between the arrivals of these two species was estimated at 4 ½ days.   
Necrodes surinamensis larvae were collected in large numbers at the bear carrion 
from Days 12-26, while the species was collected only from Days 9-14 at deer and swine 
carrion.  Necrophila americana  (L.) adults were only observed at sites 4 (swine) and 5 
(deer) from Days 4-8 and 2-6, respectively.  Two larval specimens of this species were 
collected on Days 14 (deer) and 54 (swine).  The presence of this species on the latter 
date is consistent with Anderson’s (1982) estimated egg-to-adult duration of 10-12 
weeks.  Additional beetle larvae collected manually at the seven sites were limited to four 
families each with a single species as shown in figures 5.3-5.6.    
Discussion 
The objective of this study was to document arthropod succession on three 
wildlife species typically harvested illegally and left exposed to spring conditions in 
Louisiana.  In addition to the manual sampling presented here, detailed long-term 
collections were also made with pitfall traps (Watson, unpublished data).  Results from 
manual sampling are being presented first because this method is the most widely used in 
both forensic studies and criminal investigations.  The greatest limitation of this type of 
sampling method was that numerous species of small to tiny flies (i.e., Drosophilidae, 
Phoridae, Piophilidae, Sepsidae, and Sphaeroceridae) were either underrepresented or 
completely overlooked despite being collected in large numbers using other methods 
(Watson, unpublished data).  Nevertheless, several general trends have been found with 
the approach used here.   
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Green blow flies, P. coerveiliridis and P. sericata, arrived earlier than P. regina 
on all carcasses except the bear.  This preference for fresh carcasses exhibited by the first 
former two species and the delayed arrival of the later, have been well documented 
(Goddard and Lago 1985, Hall and Doisy 1993).  In addition, no preference or complete 
avoidance of any animal species by gravid female blow flies were observed.  However, 
there was a slight delay in the accumulation of calliphorid eggs at both alligators (i.e., 
large, obvious egg masses were observed approximately a day later than on all other 
carcasses).  Prolonged colonization of calliphorid larvae on alligator carrion may imply 
that this species was initially less attractive to blow flies than the bear, deer, and swine 
carrion.   
The delayed presence of fly eggs and/or larvae at the alligators could have 
resulted from limited oviposition sites given that there were no external wounds, the anal 
region was virtually inaccessible, and the eyes, nostrils, and jaws were shut tight.  For 
example, both carcasses were still relatively fresh on Day 2 (i.e., rigor mortis had not 
completely reversed and external bloating was minimal), thus, the eyes and nostrils 
remained closed and the jaws continued to be difficult to pry open by hand.  By Day 3, 
the jaws of both alligators were relaxed and calliphorid larvae were observed roaming on 
the snout and within the mouth and nostrils (though the larvae likely located both regions 
from deep within the skull via the eye sockets).   
Another finding consistent with previous forensic entomology experiments was 
the dominant influence of calliphorid and muscid larvae on both degree of decomposition 
and community structure (Reed 1958, Payne 1965, Braack 1987).  For example, of the 19 
insect species listed above that were associated with all animal types, ten species were 
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predatory beetles of fly larvae (Histeridae, Silphidae, Staphylinidae), one species was 
saprophagous on yeasts and molds growing on decomposition fluids (Nitidulidae), and 
seven species were flies themselves (Calliphoridae, Muscidae, Piophilidae, Sepsidae).  
All eight of these families are necrophilous with both adults and immatures being 
strongly associated with the carrion habitat (though no larvae of S. vicaria were collected 
manually).  
Overall, the insect diversity on bear and deer carrion were similar.  This is likely 
because the thick hide and fur of both species provided additional food and shelter 
resources not found with either swine or alligator.  The one exception was the 
predominance of H. illucens adults and larvae at the bear.  Black soldier fly larvae are 
commonly associated with decaying remains in later stages of decomposition (Lord et al. 
1994).  However, possibly due to the large body mass (~146 kg) and the unique fatty 
composition of the bear, this carcass was observed to remain in a prolonged state of 
advanced or putrid decay for approximately 70 days (~ Days 15-85).   
Active H. illucens larvae were observed both beneath the bear and within a thick 
(> 10 cm for several weeks), persistent, tar-like substance that surrounded the carcass and 
extended out approximately 0.6 m during its greatest accumulation.  This bear substance, 
for lack of a more technical description, contained fur, twigs, leaves, decompositional 
fluids, adipocere (or bear equivalent), and huge numbers of larvae/pupae of H. illucens.  
Over the remaining 70+ days of the experiment, H. illucens larvae successfully consumed 
all bear substance leaving the soil beneath stripped and sand-like.  As noted earlier, 
muscid larvae were not well established at the bear carrion, however, piophilid larvae 
appeared to thrive during the later stages of decomposition at this site. 
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Alligator carrion appeared to provide limited food and habitat resources for the 
more traditionally late arriving species such as Necrobia rufipes (De Geer), Dermestes 
caninus Germar, and Trox suberosus F.  By the time all calliphorid larvae had undergone 
pupariation (~ Day 10), both alligator sites comprised nothing more than a deflated tail 
resting on crumbly soil with vertebrae, bony scales, shards of skull, and small pieces of 
wafer-thin skin scattered about.  Many scavenging and opportunistic species common at 
carrion habitats (i.e., species of Cleridae, Dermestidae, Geotrupidae, and Scarabaeidae) 
were most likely not collected at the alligators due to the lack of topography and food 
sources such as bone, sinew, fur, hide, and hooves.   
Several non-necrophilous species were included in Table 1 because of direct 
association with the carrion and/or observed behavioral interactions with other species at 
the carcass sites.  For instance, two species of Nymphalidae, Basilarchia arthemis 
(Drury) and Polygonia interrogationis (F.), were recorded landing and probing carcass 
remains from Days 8-89.  Polygonia interrogationis, in particular, visited both deer sites 
regularly (Days 8, 10, 14, 20, 22, 24, 33, and 54) and often after a rainfall.  The 
dragonfly, Erythemis simplicicollis (Say), and robber fly, Laphria macquarti (Banks), 
were both observed numerous times at bear, deer, and swine carrion.  Erythemis 
simplicicollis frequently hovered above carcasses presumably attempting to catch flying 
insects associated with the carrion.  Laphria macquarti, on the other hand, was often 
observed perching on either the adjacent research notification sign or nearby vegetation.  
Both species were, on occasion, observed chasing each other within the immediate site 
area, possibly defending territory.   
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The data obtained from the swine carcasses are useful for two reasons: First, it 
further strengthens our understanding of species composition and succession patterns of 
necrophilous insects in Louisiana and aids in increasing the accuracy of estimating 
human postmortem intervals.  Second, the data served as an experimental reference 
against which differences among the wildlife species were identified.  In this study, the 
most obvious difference among the four animal species was variability in the availability 
of resources that promote initial colonization and extended occupancy of necrophilous 
insects.  Differences such as total biomass, composition, and surface topography were 
directly related to observed patterns of arthropod residences and species diversity.   
 Insects that complete their life cycle in or near carrion serve potentially as the 
most forensically important species.  Great strides have been made to fully understand the 
biology and life histories of many fly species (Knipling 1936, Kamal 1958, Norris 1965, 
Greenberg 1990, Hall and Doisy 1993, Byrd and Allen 2001).  However, limited 
information is available regarding development rates and life history patterns for many 
necrophilous beetles commonly collected at decaying remains.  For instance, larvae of 
Silphidae and Staphylinidae can potentially serve as important indicators of time of death 
given that they are often present in large numbers, are easily collected, and associated 
with decaying remains for discrete time periods (i.e., species specific).  Extensive 
experiments conducted both in the laboratory and in simulated field studies are required 
before we can fully use these insects and improve the accuracy of postmortem intervals 
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FALL AND WINTER SUCCESSION OF NECROPHILOUS INSECTS ON 
WILDLIFE CARCASSES IN LOUISIANA 
 
Introduction 
The same entomological criteria used in forensic entomology to estimate time of 
death for human homicides are also applicable for deceased wildlife.  Necrophilous 
insects associated with wildlife carcasses can provide wildlife law enforcement officers 
with valuable information necessary to incriminate poachers.  Louisiana wildlife law 
enforcement currently use four methods for determining PMI: Measuring electrical 
stimulus of adenosine triphosphate (ATP) within muscle tissue; rate of change in internal 
temperature in relation to ambient temperature; degree of rigor mortis; and physical 
changes of the eye (Watson and Carlton 2003, i.e., Chapter 2).  The addition of 
entomological data will contribute vastly to wildlife investigations, particularly since the 
traditional techniques for postmortem interval (PMI) estimation of deceased wildlife are 
generally only effective for 72 hours postmortem (Gill and O’meara 1965, Oates 1996). 
Limited published information is available regarding insects and the 
establishment of PMIs for suspicious wildlife deaths (Shoopman 1997, Anderson 1999).  
Therefore, a three season study was designed to establish an entomological database for 
three wildlife species typically poached in Louisiana.  The present chapter discusses 
findings from the fall and winter seasons and represents a companion study to Watson 
and Carlton’s (2003) spring season study (i.e., Chapter 2). 
Materials and Methods 
Two seasonal experiments were conducted from 5 October to 7 December 1999 
(fall season representative) and 18 January to 30 March 2000 (winter season) at the 
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Waddill Outdoor Education Center in East Baton Rouge Parish, LA.  For consistency, the 
same seven sites of the spring study were used for both fall and winter studies, however, 
carcass placement varied slightly in order to reduce collection of faunal artifacts from 
previous experiments.  Seven fresh carcasses were randomly assigned to each site and 
weighed the following at the beginning of each seasonal study: one Louisiana black bear 
(fall: ~81 kg, ~7 years old; winter: ~67.5 kg, ~5 years old); two adult female white-tailed 
deer (fall: ~33.8 and 36.9 kg; winter: ~40.5 and 36 kg); two American alligators (length 
and weights of fall: ~1.5/9.9 and 1.4 m/8.6 kg; winter: 1.6/17.1 and 1.5 m/13.5 kg); and 
two swine (fall: 26.1 and 29.3 kg; winter: 47.3 and 31.5 kg).   
All carcasses were monitored simultaneously for necrophilous arthropods using 
an aerial sweep net and manual sampling of the carcass and surrounding soil.  Sampling 
efforts for the fall study were terminated at varying time intervals depending on the 
length of time required for each animal type to reach dry remains (i.e., alligator, 44 days; 
deer and swine, 57 days; Louisiana black bear, 64 days).  All seven sites of the winter 
study were monitored for the same period of time (i.e., 73 days).  Detailed site 
description, experimental setup, and sampling regime are provided in Chapter 2.       
Meteorological data were recorded on site per sampling event, including rainfall 
and ambient temperature (i.e., high, low, and time of sampling temperature).  These data 
were supplemented with similar climatic information recorded by the Louisiana Office of 
State Climatology for the duration of the study (Fig. 3.1).  Internal temperature of each 
animal carcass was also documented using a 12.7 cm stem metal thermometer inserted 
deep into the ribcage.  Carcass temperature, including generated maggot mass heat, was 
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Figure 3.1.  Meterological data recorded on site per sampling event.  Daily precipitation 
recorded at a local station of the Louisiana State Climatology.  A, Fall study from 5 
October to 7 December 1999; B, Winter study from 18 January to 31 March 2000. 
 
Specimens collected manually were preserved on site in 80% ethyl alcohol, while 
insects caught aerially were anesthetized using ethyl acetate and transferred to labeled 
plastic sandwich bags.  Live specimens of calliphorid eggs and/or larvae were collected 
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for laboratory rearing during the fall study on Days 6 (10 Oct 1999), 10 (14 Oct 1999), 17 
(21 Oct 1999), 25 (29 Oct 1999), 29 (2 Nov 1999), and 44 (17 Nov 1999).  All live 
material used for laboratory rearing of the winter season were collected on Days 7 (24 
Jan 00) and 18 (4 Feb 00) due to extremely low numbers and/or inability to locate 
calliphorid eggs or larvae during this time period (i.e., adult flies were observed entering 
and existing deep within the throat, as well as, larvae were often collected only after 
probing deep with the throat or anal regions).  All specimens were curated and identified 
to establish a reference collection.  Vouchers were deposited in the Louisiana State 
Arthropod Museum. 
Results 
Results for the manually collected data for the two seasons are presented in the 
following subsections: Carcass Conditions, General Patterns, Fall Calliphoridae, 
Chrysomya rufifacies, Winter Calliphoridae, Other Muscoids, Piophilidae, and 
Coleoptera. 
Carcass Conditions.  Carnivore scavenging occurred during both seasonal 
studies with the most extensive disruptions noted at fall and winter deer carrion.  One fall 
deer carcass (site 3) was heavily scavenged, most likely by a canine, between Days 1 and 
2.  This carcass was grossly fed on from the upper abdomen to lower hind quarters with 
either rib ends broken or entire bones removed.  Internal organs were intact but sprawled 
out on the forest floor.  By Day 5, the carcass, with intestines still present, had been 
dragged ~6 m before snagging a tree (thus the site was relocated and new pitfall traps 
established).  The internal organs burst by Day 8 (likely a result of continued carnivore 
activity), stomach contents (i.e., grains, including corn) exposed by Day 9, and by Day 13 
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the remaining carcass included bone, limited patches of attached dried meat or hide, and 
minimal amounts of internal organs/stomach contents.  Additional scavenging activities 
of the fall season included the relocation of the dried hide of the second deer ~2.5 m 
away (Day 57), and feeding activity and relocation of the alligator tail at site 7 (Days 25 
and 44).             
Scavenging activity during the winter season was restricted to both deer carcasses 
until Day 66 when disturbances were also observed at bear, alligator, and swine carrion.  
Carnivore activity early in the study (i.e., deer carrion relatively fresh) resembled feeding 
behaviors of bobcats (a shed cat claw was also found at one site).  For example, evidence 
of scavenging was first observed at site 6 on Day 7 and included a feeding area of ~10 cm 
diameter at the upper right thigh and damage to the muzzle.  The next day two more areas 
of tissue were removed from the left thigh and upper chest.  By Day 9, a pattern of daily 
feeding was established, along with the scavenger attempting to bury the deer carcass 
after each visit (i.e., leaf litter inside cage was pushed onto the carrion, while litter 
outside was moved up against the fencing).  Daily sampling activities at the deer included 
removing leaf litter, repositioning the carcass, and resetting disturbed pitfall traps.  The 
second deer carcass (site 5) was fed on in a similar manner beginning on Day 12 (upper 
shoulder and muzzle) and was first buried on Day 18.  Large clumps of deer fur were also 
regularly removed from the hide, presumably by birds, beginning on Day 10.  
Excluding carnivore scavenging, all winter carcasses resembled intact but slightly 
decomposed specimens until approximately Day 24 when the rate of decomposition 
accelerated (i.e., higher ambient temperatures and increased insect activity).  Both 
alligator and swine carcasses were initially observed in a mild degree of inflation on Day 
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3 and remained bloated to some degree until Days 30 and 32, respectively.  Deer 
carcasses were also initially bloated by Day 3, however, bloating was no longer observed 
after Day 8 (site 6) and Day 16 (site 5) due to regular carnivore activity on both 
carcasses.  The abdomen of the bear carcass initially became mildly bloated by Day 7, 
but the limbs of the animal did not become extended (as normally seen during the 
‘bloated’ stage) until Day 28.  Mammalian carcasses of the winter study also displayed 
substantial microbial growth on external surfaces (bear carcass of later dates in 
particular).    
General Patterns.  A total 89 species (excluding numerous species of 
unidentified spiders), from 39 families and three classes, were manually collected from 
seven wildlife carcasses during fall, 1999.  Ninety-five species from 38 families and three 
classes were collected during winter, 2000 (Table 3.1).  Seven insect species and one 
species of phoretic mite (Parasitidae) were common to all four animal types at all 
fourteen sites: Coleoptera: Euspilotus assimilis (Paykull) (Histeridae), Omosita colon (L.) 
(Nitidulidae), Creophilus maxillosus (L.) and Quedius capucinus (Gravenhorst) 
(Staphylinidae); Diptera: Phaenicia coeruleiviridis (Macquart) (Calliphoridae), Fannia 
scalaris (F.) (Fanniidae), Hydrotaea leucostoma (Weid.) (Muscidae).  Five additional 
species were collected from all four animal types both seasons but not at every site: 
Coleoptera: Oxytelus sculptus Gravenhorst, Platydracus maculosus Gravenhorst, and 
Thamiaraea lira Hoebbe (Staphylinidae); Diptera: Stearibia nigriceps (Meigen) 




Table 3.1.  List of arthropod taxa collected on four animal carcass types sampled in East 
Baton Rouge Parish, LA in fall 1999 and winter 2000. 
Bear Deer Alligator Swine Order Family Species 
fall winter fall winter fall winter fall winter 
Insecta  
Blattaria Blattidae Blatta orientalis L. 1    2    
Coleoptera Cantharidae unidentified        2 
 Carabidae Galerita sp.   5      
  unidentified  1  5   3   
 Cleridae Necrobia ruficollis (F.) 1  5 5  1  2 
  Necrobia rufipes (DeGeer)  7  5    2 4 
 Cicindellidae Cincindela sexguttata F.   5      
 Dermestidae Dermestes caninus Germar  7 3 5 5 6  3 6 2 4 
 Dytiscidae Copelatus glyphicus (Say)  7      2 
 Geotrupidae Geotrupes blackburnii Say 1 7  6 2 7 1 3 4 2 4 
  Geotrupes splendidus Say 1  3 5 5 7  4 6 2 
 Histeridae Euspilotus assimilis (Paykull)  1 7 3 5 5 6 2 7 1 3 4 6 2 4 
  Euspilotus azurenscens (Marseul) 1   5 2 7   2 
  Euspilotus simulatus (Blatchtley)   5  2 7  6 2 
  Hister abbreviatus F.  7 3 5 7 1 3  2 4 
  Hister coenosus Erichson 1        
  Hister depurator Say   1  3 5  2 7 3 4 6 4 
  unidentified larvae    5 2    
 Hydrophilidae Cercyon c. variegatus Sharp     2    
  Cercyon c. versicolor Smetana  7       
 Leiodidae Catops simplex Say   5 5  1 4 6 2 
  Colenis impunctata LeConte 1  5 6   6 2 4 
  Prionochaeta opaca (Say)  7    1 6  
 Nitidulidae Epurea luteola (Erichson)     2    
  Omosita colon (L.) 1 7 3 5 5 6 2 7 1 3 4 6 2 4 
 Ptiliidae Nephanes sp.   3   3 4  
 Scarabaeidae Aphodius bicolor Say 1  5  7  4 6  
  Aphodius rusicola Melsheimer    5 6     
  Ataenius platensis (Blanchard)    5  1   
  Ateuchus histeroides Weber      3   
  Copius minutus (Drury) 1  3 5  2 7  4 6 2 
  Deltochilum g. gibbosum (F.) 1  3 5    4 6  
  Onthophagus h. hecate (Panzer) 1  3 5    4 6  
  Onthophagus striatulus (Beauvois)   3      
  Pseudocanthon perplexus (LeConte)   5  2  6  
 Silphidae Necrodes surinamensis (F.)   3 5    4 4 
  Necrophila americana (L.)      3 6  
  Oiceoptoma inaequale (F.)  7 3 5 5 6 7 1 3 6 2 4 
  Oiceoptoma rugulosum Portevin  7 3 5    4 
 Staphylinidae Aleochara lata Gravenhorst 1 7  5 6  1 3 6 2 4 
  Aleochara lustrica Say  7    1 6 2 
  Anotylus insignitus Gravenhorst       4 4 
  Anotylus sp. 2      7 3   
  Belonuchus rufipennis (F.) 1 7 5 5  3 6 2 
  Creophilus maxillosus (L.) 1 7 3 5 6 2 7 1 3 4 6 2 4 
 (table 3.1 continued) 
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  Ischnosoma sp.    6    2 
  Megarthrus sp.    6    2 
  Orus sp. 1      6  
  Oxytelus convergens LeConte  7 3 5  1 3 4 6 2 4 
  Oxytelus pennsylvanicus Erichson   5      
  Oxytelus sculptus Gravenhorst 1 7 3 5 5 6 2 1 3 4 6 2 4 
  Philonthus umbrinus (Gravenhorst) 1 7  5 6 2 7 3 4 6 2 4 
  Platydracus exulans (Erichson)        2 
  Platydracus maculosus Gravenhorst 1 7 3 6 7 1 4 6  
  Quedius capucinus (Gravenhorst) 1 7 3 5 5 6 2 7 1 3 4 6 2 4 
  Quedius (Raphirus) sp.        2 
  Rugilus sp. 1  3 5  2 7 1 3 4 6 2 4 
  Tachinus axillaris Erichson  7  5  1 3  4 
  Thamiaraea lira Hoebbe  1 7 3 5 5 6 2 7 3 4 6 2 4 
  unidentified Aleocharine    6 2    
  unidentified larvae 1  3 5 5 6 7 3 6  
 Trogidae Trox punctatus Germar    5 6    4 
  Trox suberosus F. 1 7    1   
Diptera Calliphoridae Calliphora vicina Robineau-Desvoidy  7  5 6  1 3  2 4 
  Chrysomya rufifacies (Macquart) 1 7 3 5  2 7 3 4 6  
  Cochliomyia macellaria (F.) 1 7 3 5  2 7  4 6 2 4 
  Cynomya cadeverina Robineau-Desvoidy     1   
  Phaenicia coeruleiviridis (Macquart) 1 7 3 5 5 6 2 7 1 3 4 6 2 4 
  Phaenicia eximia (Wiedemann)        2 4 
  Phaenicia sericata (Meigen) 1  5  2 7  4 6 2 
  Phormia regina (Meigen) 1 7  5 6  1 3  2 4 
 Drosophilidae Chadochaeta sp.  7  5 6  1 3  2 4 
  Scaptomyza sp. 1  3 5  7  4 6 4 
 Empididae Tachypeza sp,     7  6  
 Hippoboscidae Lipoptena cervi (L.)    6     
 Fanniidae Fannia canicularis (L.) 1 7 3 5 6  1 3  2 
  Fannia scalaris (F.) 1 7 3 5 6 2 7 1 3 4 6 2 4 
 Micropezidae Rainieria antennaepes (Say)    5     
 Muscidae Graphomyia sp.   3 5   3 4 6  
  Hydrotaea dentipes (F.)  7 3 5 5 6  1 3  2 4 
  Hydrotaea leucostoma (Wied.) 1 7 3 5 5 6 2 7 1 3 4 6 2 4 
  Potamia sp.        4 
 Oestridae Gastrophilus sp.   5      
 Otitidae Euxesta sp.  7    3   
 Phoridae Dohrniphora sp.  7 3 5      
  Gymnophora sp.    5 2    
  Megaselia megaselia sp.    5  3   
  Pericyclocera floricola Borgmeier    5     
  Puliciphora sp. 1    7  6 4 
 Piophilidae Mycetaulus bipunctata Fallen        4 
  Piophila casei (L.) 1 7 3 5 5 6    4 
  Prochyliza xanthostoma Walker 1 7 3 5 5 6  1 3 4 6 2 4 
  Stearibia nigriceps (Meigen) 1 7 3 5 5 6 7 1 3 4 6 2 4 
 Sarcophagidae Blaesoxipha sp. 1     1 3 4 6 2 
 (table 3.1 continued) 
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 Sepsidae Meroplius stercorarius (Robineau-Desvoidy)  3   1  2 4 
  Sepsis vicaria Walker  7     6  
 Sphaeroceridae Coproica sp. 7 5  7 1 4  
  Leptocera caenosa (Rondani)  3 5 5 6  1 3 4 6 2 4 
  Leptocera pteremis sp.   5 6     
 Stratiomyidae Hermatia illucens (L.) 1 7 3 5    6 2 
  Sargus (Sargus) sp.   6     
 Syrphidae Milesia virginiensis (Drury)  5  7    
Hemiptera Reduviidae Melanolestes picipes (Herrich-Schaffer) 1    2 3 4 2 
Hymenoptera  Braconidae unidentified (2 morpho species) 7  5 6   4 2 4 
 Formicidae Camponotus americanus Mayr    2  6  
  Camponotus pennsylvanicus (DeGeer) 1 7 3 5 5 6 2 1 3 4 2 
  Crematogaster pilosa Emery  3 5     
  Hypoponera opacior Forel 1  3    6  
  Pheidole dentata Mayr  5 5 2  4  
  Pheidole sitarches Wheeler    7    
  Solenopis invicta Smith 1 7 3 5 6  1 3 4 4 
  Trachymyrmex septentrionalis (Wheeler)  3      
 Ichneumonidae unidentified (3 morpho species) 7 5 5 6  1 3  2 4 
 Pteromalidae Nasonia vitripennis (Walker)       2 
 Vespidae Vespula maculifrons (Buysson) 1     1 3 4  
Lepidoptera Nymphalidae Basilarchia arthemis (Drury)       4 
  Polygonia interrogationis (F.) 7      4 
Microcoryphia Machilidae unidentified  5      
Arachnida 
Acari Ixodidae Dermacentor variabilis (Say) 7       
 Parasitidae unidentified 1 7 3 5 5 6 2 7 1 3 4 6 2 4 
Araneae many unidentified 1  3 5 5 2 7  4 6 2 
Opiliones Phalangiidae unidentified 1 7    1 3  4 
Crustacea 
Isopoda  Oniscidae Porcellio sp. 1   3 5       6 4 
Numbers represent the assigned site locations of carcass placement. 
 
Twenty of 89 species and 30 of 96 species were collected exclusively during the 
fall and winter studies, respectively.  Necrophilous species recovered from each animal 
type per season included the above mentioned as well as the following: Fall: Coleoptera: 
Geotrupes splendidus Say (Geotrupidae), Aphodius bicolor Say and Copris minutus 
(Drury) (Scarabaeidae), Rugilus sp., and unidentified staphylinid larvae (Staphylinidae); 
Diptera: Chrysomya rufifacies (Macquart) and Cochliomyia macellaria (F.) 
(Calliphoridae); and Araneae: unidentified spiders; Winter: Coleoptera: Dermestes 
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caninus Germar (Dermestidae), Geotrupes blackburnii Say (Geotrupidae), Hister 
abbreviatus F. (Histeridae), Oiceoptoma inaequale (F.) (Silphidae), Aleochara lata 
Gravenhorst, Belonuchus rufipennis (F.), Oxytelus convergens LeConte, Philonthus 
umbrinus (Gravenhorst), and Tachinus axillaris Erichson (Staphylinidae); Diptera: 
Calliphora vicina Robineau-Desvoidy and Phormia regina (Meigen) (Calliphoridae), 
Chadochaeta sp. (Drosophilidae), Fannia canicularis (L.) (Fanniidae), Hydrotaea 
dentipes (F.) (Muscidae), Prochyliza xanthostoma Walker (Piophilidae); Hymenoptera: 
Solenopsis invicta Smith (Formicidae), and an unidentified ichneumonid 
(Ichneumonidae).  
Individual alligator carcasses of the fall study attracted fewer species than bear, 
deer, and swine carcasses (Table 3.2).  Alligator carrion of the winter study attracted 
similar numbers of taxa as the three mammal species (Table 3.3).  All four  
 
Table 3.2.  Number of taxa recovered from each animal type for each taxonomic level 
during fall 1999.      
LA black bear White-tailed deer American alligator Swine Taxonomic Level 
Site 1 Site 3 Site 5 Site 2 Site 7 Site 4 Site 6 
Class 3 3 3 3 3 3 3 
Family 24 19 27 14 17 20 22 
Species 49 44 50 30 32 41 46 
Total Family 24 29 20 28 
Total Species 49 63 43 58 
 
Table 3.3.  Number of taxa recovered from each animal type for each taxonomic level 
during winter 2000. 
LA black bear White-tailed deer American alligator Swine Taxonomic Level 
Site 7 Site 5 Site 6 Site 1 Site 3 Site 2 Site 4 
Class 3 3 3 3 3 3 3 
Family 28 21 21 22 24 26 24 
Species 49 46 38 40 46 54 47 
Total Family 28 24 26 31 
Total Species 49 55 51 69 
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animal species attracted species from typical necrophilous families studied in forensic 
entomology; however, collections of some families were absent at particular animal types 
per season (i.e., Fall: Cleridae: alligator and swine; Dermestidae: bear and alligator; 
Leiodidae: alligator; Silphidae: bear; Trogidae: deer, alligator, and swine; Phoridae: deer; 
Sarcophagidae: alligator; Sepsidae: bear and alligator; Sphaeroceridae: bear; 
Stratiomyidae: alligator; Winter: Scarabaeidae: bear; Sarcophagidae: bear and deer; 
Sepsidae: deer; Stratiomyidae: alligator). 
Fall Calliphoridae.  Calliphorid adults, predominantly P. coeruleiviridis, were 
observed landing on a single deer and swine carcass within the first hour of the fall study, 
whereas, no flies of any species were observed at the remaining five sites during the same 
time period on the first day.  However, by Day 3, four calliphorid species were observed 
at the carcasses in approximately the following order of estimated abundance: P. 
coeruleiviridis and P. sericata, C. macellaria, and lastly, C. rufifacies.  The timing of 
initial observation of blow fly eggs and active first instar larvae differed among sites for 
the fall season.  First observation of calliphorid eggs and first instar larvae for bear 
carrion were on Day 3 of decomposition.  Eggs were collected on deer carrion on Days 2 
and 3 (sites 5 and 3, respectively) and first instar larvae on Day 3.  Alligators yielded 
eggs on Days 3 and 5 with first instar larvae on Days 4 and 6 (sites 7 and 2, respectively), 
while eggs and first instar larvae were observed on both swine on Day 2.  Initial 
oviposition sites at alligator carrion differed slightly from the typical preferred sites of 
natural orifices and bodily wounds and included: skin folds of the axial region and neck 
area, along the body at the leaf litter/soil surface, and/or below or on the eye lid.  Egg 
masses were secondarily deposited along the clinched jaw at exposed teeth.  First instar 
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larvae were recovered first underneath the alligator carcasses along the throat area, and 
second, on or within areas of the head. 
Three blow fly species were successfully reared from the Day 6 samples: C. 
rufifacies: bear, deer (sites 3 and 5), swine (sites 4 and 6), alligator (site 7, head region); 
C. macellaria: deer (site 3), swine (site 6), alligator (sites 2 and 7 (tail region)); and P. 
coeruleiviridis: alligator (site 7, tail region).  The remaining samples collected during the 
study were all associated with bear carrion, with all samples of calliphorid eggs and/or 
larvae collected on Days 10-25 belonging to C. rufifacies.  Specimens collected during 
this period were closely observed for the presence of additional blow fly species in order 
to avoid predatory behaviors of C. rufifacies.  However, early instars of the black blow 
fly, Phormia regina, were potentially present in the Day 25 sample since the remaining 
hind quarter was secondarily colonized by P. regina beginning around Day 23 (i.e., small 
population of eggs/first instar larvae associated with a right hind leg wound).  All live 
specimens collected at the bear carcass on Days 29 and 44 were P. regina.  Emerged 
calliphorid adults of all species were collected at the seven fall sites for the following 
durations: Bear: Days 19-64; deer: Days 13-25 (site 3) and 15-36 (site 5); alligator: Days 
17-25 (site 2) and 13-25 (site 7); swine: Days 15-29 (site 4) and 15-32 (site 6).   
Chrysomya rufifacies.  Adult C. rufifacies were first collected on Day 3 (bear, 
deer (site 3), and alligator (site 7)), followed by Day 4 (deer (site 5), swine (sites 4 and 6), 
and lastly on Day 6 at the remaining alligator carcass (site 2).  First instar larvae were 
first collected on the following days: Bear: Day 4; deer: Days 4 and 5 (sites 3 and 5, 
respectively); alligator: Days 6 and 7 (sites 7 and 2, respectively); swine: Days 4 and 5 
(sites 4 and 6).  Early arriving calliphorid species (i.e, P. coeruleiviridis, P. sericata, and 
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C. macellaria) began moving away from areas occupied by C. rufifacies larvae.  Larvae 
from the head region were observed moving towards the posterior end of the carcass, 
and/or migrating off the carcass entirely, by Day 6 (alligator (site 2)), Day 8 (both deer 
and swine carcasses), and Day 9 (bear and alligator (site 7)). 
The presence of all other calliphorid species at the seven carcasses (i.e., apparent 
complete dominance by C. rufifacies at all fall carcasses) began to dramatically decrease 
by Day 9.  However, larvae of the above mentioned species were collected in limited 
numbers for varying amounts of time following the apparent complete colonization of the 
carcasses by C. rufifacies.  Time intervals in which larvae of P. coeruleiviridis, P. 
sericata, and/or C. macellaria were associated with carrion in relation to C. rufifacies are 
as follows: Bear: other blow fly species collected until Day 36 versus Day 39 for C. 
rufifacies: Deer: Day 10 versus Day 13 (site 3) and Day 19 for both species (site 5); 
alligator: Day 13 versus Day 32 (site 2) and Day 11 versus Day 13 (site 7); swine: Day 10 
versus Day 19 (both carcasses).  In addition, P. regina larvae were collected at the hind 
quarter of the bear carcass from Days 23-57.    
A few observed patterns of interaction, or lack thereof, between C. rufifacies and 
all other insect species were noteworthy.  For instance, adult female C. rufifacies 
oviposited on/near the head, despite earlier colonization by P. coeruleiviridis, P. sericata 
and/or C. macellaria.  Initial populations of C. rufifacies larvae commingled with other 
calliphorid species in this region for approximately two days.  Following this period, the 
mass of C. rufifacies larvae dominated the head region while immature calliphorid larvae 
of all stages of other species moved to peripheral and presumably suboptimal feeding 
areas of a carcass (i.e., lower portion of alligator tail, extremities such as lower legs and 
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hoofs, exposed stomach contents and intestines of scavenged deer carcass, within fluid 
pools adjacent to the carcass, etc.) or steadily migrated off and away from the carcass 
(Fig. 3.3).   
Chrysomya rufifacies larvae systematically consumed all seven carcasses by 
migrating posteriorly down a carcass as biomass diminished rather than the more typical 
necrophagous maggot pattern of smaller groups of larvae, originating at the head and anal 
regions, and actively moving towards the middle of a carcass as they feed.  Numerous 
larvae remained at the carcass to pupate within various substrates (i.e., under dried animal 
hide or clumps of sloughed fur, within bone piles, or even as exposed piles of pupae 
adjacent to carcass remains).  In addition, the majority of migrating postfeeding third 
instar larvae of C. rufifacies were observed moving north. 
Observations of species displacement included relocation of other calliphorid 
species, as well as predators such as staphylinids and histerids.  Manual collections of 
other insect predators at the carcasses were limited while large larval masses of C. 
rufifacies were present.  However, predator species were observed at distal areas of the 
carcass and in leaf litter where they were observed feeding on immature maggots of other 
calliphorid species.  Even ant species such as Camponotus pennsylvanicus (DeGeer) were 
only seen preying on and/or removing calliphorid larvae of species other than C. 
rufifacies.   
Winter Calliphoridae: During the winter study, no flies were observed within 
the first hour of the study for each of the seven sites.  Few calliphorid adults of P. 
coeruleiviridis, P. regina, and/or Calliphora vicina were observed on Day 2 at all animal 
types except alligator.  Successful manual collections of adult flies on Day 2 included: 
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Bear: C. vicina and P. coeruleiviridis; deer: P. coeruleiviridis (sites 5 and 6); swine: P. 
coeruleiviridis (sites 2 and 4), C. vicina and P. regina (site 2), and Phaenicia eximia (site 
4). The first flies collected at alligator carrion were P. coeruleiviridis on Days 3 (site 1) 
and 4 (site 3).  Initial observation of blow fly eggs and active first instar larvae for the 
winter season was as follows: Bear: eggs and first instar larvae on Days 2 and 4, 
respectively; deer: eggs on Days 2 and 3 and first instar larvae on Days 3 and 4 (sites 6 
and 5, respectively); alligator: eggs on Days 5 and first instar larvae on Days 6 and 7 
(sites 1 and 3, respectively); swine: eggs on Day 2 and first instar larvae on Days 2 and 4 
(sites 2 and 4, respectively).  Calliphorid eggs were sporadically deposited on carrion for 
an extended period of time: Bear: Days 2-26; deer: Days 2-22 and 3-26 (sites 6 and 5, 
respectively); alligator: Days 5-28 and 5-31 (sites 1 and 3, respectively); swine: Days 2-
35 and 2-28 (sites 2 and 4, respectively).      
  The majority of larvae observed and collected from the carcasses for 
approximately the first three weeks were C. vicina, with larvae of P. coeruleiviridis 
secondarily present.  Larvae of C. vicina and P. coeruleiviridis were located in limited 
numbers for an extended period of time, with no additional larvae found at individual 
carcasses after Days 26-35 and Days 24-31, respectively.  Phormia regina larvae were 
associated with the four animal types for the following time periods: Bear: Days 7-66; 
deer: Days 5-28 (site 6) and 7-35 (site 5); alligator: Days 16-35 (site 3) and 7-39 (site 1); 
swine: Days 7-45 (sites 2 and 4).   
Two species of blow flies, C. vicina and P. regina, were successfully reared to 
adults during the winter study.  Both fly species were represented on both sampling days: 
Day 7: larvae of C. vicina were collected at bear, deer (both sites), and alligator carrion 
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(site 1), while P. regina larvae were collected at all four animal types but not all sites 
(collected at sites 1, 2, 4, 5, and 7); Day 18: C. vicina larvae collected at bear, deer (both 
sites), and alligator carrion (both sites), with P. regina larvae collected from deer (site 6) 
and swine (both sites) carcasses.  Emerged flies of all calliphorid species were collected 
at the seven sites for the following time periods: Bear: Days 52-73; deer: Day 45 (site 5) 
and 39 (site 6); alligator: Days 45-66 (site 1) and 45-59 (site 3); swine: Days 39-73 (site 
2) and 45-59 (site 4).  Lastly, a small mass of Chrysomya rufifacies larvae (~ 40-50 
larvae) was present under the right forearm of the winter bear from approximately Days 
27-34, with two prepupae found on Day 31. 
Other Muscoids.  The family Muscidae was represented by three species during 
the fall season: Graphomyia sp. (deer, sites 3 and 5; swine, sites 4 and 6), Hydrotaea 
dentipes (deer, sites 3 and 5) and H. leucostoma (all seven carcasses).  Hydrotaea 
leucostoma adults were collected for varying amounts of time at all carcasses: Bear: Days 
7-50; deer: Days 5-32 (site 5) and Day 32 (site 3); alligator: Days 6-13 (site 2) and 6-15 
(site 7); swine: Days 6-23 (site 4) and 8-17.  Larvae of this species were located at all 
sites for the following time periods: Bear: Days 9-44; deer: Days 8-39 (site 3) and 8-64 
(site 5); alligator: Days 11-29 (site 2) and 9-29 (site 7); swine: Days 7-57 (site 4) and 10-
57 (site 6).  Only adults of the former two species were collected during the fall study. 
Four muscid species were also collected during the winter season: Graphomyia 
sp. (alligator, site 3), H. dentipes (all carcasses), H. leucostoma (all carcasses), and 
Potamia sp. (swine, site 4).  Hydrotaea dentipes adults were routinely found at deer (site 
5) and alligator (site 3) carrion, while only sporadic (deer site 6, alligator site 1, swine 
both sites) or single event (bear) observations occurred at the remaining sites.  Adults and 
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larvae of H. leucostoma were collected for the following periods: Bear: Days 13-52 and 
16-73, respectively; deer: Days 7-59 and 14-35 (site 5), 9-35 and 16-73 (site 6); alligator: 
Days 26-66 and 26-59 (site 1), Days 22-59 and 26-59 (site 3); swine: Days 18-73 and 20-
73 (site 2), 8-73 and 9-52 (site 4).       
Two species of Fanniidae were collected during both the fall and winter studies: 
the lesser house fly, Fannia canicularis, and the latrine fly, F. scalaris.  Adult F. 
canicularis were collected only on bear carrion in the fall, while adults of this species 
were recovered from all four animal types of the winter season.  Despite the presence of 
the former species, all fanniid larvae collected for both seasons were identified as F. 
scalaris.  Fannia canicularis adults were collected on two dates in the fall (Days 23-25 at 
bear carrion) but were collected more often during the winter season: Bear: Days 22-66; 
deer: Days 59-66 (site 5) and Day 22 (site 6); alligator: Days 26-66 (site 1) and 28-66 
(site 3); swine: Days 6-8 (site 2).   
Fannia scalaris were collected at all fourteen carcasses over the two seasons: 
Fall: bear: Days 8-50; deer: Days 8-32 (site 3) and 6-44 (site 5); alligator: 7-10 (site 2) 
and 6-19 (site 7); swine: 6-23 (site 4) and 3-36 (site 6); Winter: bear: Day 18; deer: Days 
31-66 (site 5) and 6-52 (site 6); alligator: 26-66 (site 1) and 9-66 (site 3); swine: 5-66 
(site 2) and 4-73 (site 4).  Larvae of F. scalaris were collected at all animal types both 
seasons but not at all sites: Fall: bear: Days 11-44; deer: 8-44 (site 3) and 9-44 (site 5); 
alligator: Days 11-36 (site 2) and 10-29 (site 7); swine: Days 8-25 (site 4) and 10-44 (site 
6); Winter: bear, deer (site 6), and swine (site 2): Day 66; alligator: Day 73 (site 1) and 
Days 3, 52-66 (site 3).  
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Piophilidae.  Excluding the dump fly, H. leucostoma, cheese skipper flies 
(Piophilidae) were the most routinely sampled adults of the two seasons.  Three species 
were present during both seasons (Piophila casei (L.), Prochyliza xanthostoma Walker, 
and Stearibia nigriceps (Meigen)), with a fourth species (Mycetaulus bipunctata Fallen) 
present only at a single winter swine carcass.  Piophila casei adults were recovered 
considerably less often then P. xanthostoma or S. nigriceps, with all P. casei specimens 
collected over the following time periods: Fall: bear: 10-32; deer: Days 5-8 (site 3) and 7-
19 (site 5); Winter: bear: Day 22-39; deer: 20-26 (site 5) and 22-28 (site 6); swine: 20-31 
(site 4).  Flies of the latter two species were collected for approximately the same or 
slightly longer period of time, however, total numbers of sampling events were greater: 
P. xanthostoma of Fall: bear: Days 13-50; deer: Days 10-32 (site 3) and 8-32 (site 5); 
swine: 9-32 (site 4) and 10-23 (site 6); S. nigriceps of Fall: bear: Days 10-25, newly 
emerged adult on Day 64; deer: Days 9-13 (site 3) and 8-39, emerged on Day 29 (site 5); 
alligator: Days 11-23 (site 7); swine: Days 10-23, emerged on Day 25 (site 4) and 12-17 
(site 6).         
Adult flies of P. xanthostoma were found associated with winter carrion for the 
following days: Bear: Days 20-39, with a newly emerged adult found on Day 16; deer: 
Days 14-39 (site 5) and 6-45 (site 6); alligator: Days 22-39 (both sites); swine: Days 22-
45 (site 2) and 26-45 (site 4).  Stearibia nigriceps was collected more often then P. 
xanthostoma during the winter season, including the following days: Bear: Days 31-66; 
deer: Days 11-66 (site 5) and 18-73 (site 6); alligator: Days 26-59 (site 1) and 31-52 (site 
3); swine: Days 26-73 (site 2) and 8-73 (site 4).  Piophilid larvae were collected at bear, 
deer, and swine carrion of the fall, yet immature forms were only found at bear and swine 
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carcasses of the winter study.  Regarding alligator carrion, very few adults and no larvae 
of Piophilidae were collected during the fall season; however, adults were present 
regularly at both winter carcasses though again no larvae were found. 
Also of note was the limited and irregular presence of flesh flies (Sarcophagidae).  
For example, adults were either observed and/or collected at only the following sites for 
both seasons: Fall: bear: Day 1; swine: Days 1 (site 4) and 12 (site 6); Winter: alligator: 
Day 45 (sites 1 and 3).  Larvae were collected on four sampling events total and were 
recovered on the following days: Fall: bear: Day 25: Winter: alligator: Days 18 and 26 
(site 3); swine: Day 73 (site 2).  Black soldier fly adults, Hermatia illucens (L.) 
(Stratiomyidae), were also collected in relatively few numbers and at only three and two 
sites during fall and winter seasons, respectively.  Larvae of this species were only 
collected during the fall season at the following carcasses: Bear Days 57-64; deer Day 29 
(site 3) and 57 (site 5); swine: Day 25. 
Coleoptera.  Adults of Oiceoptoma inaequale (F.) (Silphidae) were not manually 
collected during the fall study.  However, larvae were found at four sites: deer: Days 13-
17 (site 3) and Day 64 (site 5); alligator: Day 15 (site 7); swine: Days 50-57 (site 6).  
Adults and larvae were found at every carcass of the winter season: Bear: adults from 
Days 7-26 and larvae from Days 20-52; deer: Days 18-59 and 31-66 (site 5), Days 22-39 
and 31-73 (site 6); alligator: Days 24-28 and 24-66 (site 1), Days 18-31 and 28-73 (site 
3); swine: Days 5-28 and 18-73 (site 2), Days 5-28 and 16-73 (site 4).  The genus 
Oiceoptoma was represented in both seasons by a second species, O. rugulosum, though 
only a single adult specimen was hand collected at deer carrion (Day 10) during the fall 
study.  Oiceoptoma rugulosum adults were collected at three carcasses during the winter 
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season: Bear: Days 18-22; deer: Day 22 (site 5); swine: Days 22-28 (site 4).  No O. 
rugulosum larvae were collected either season.     
Specimens of two additional silphinae species were also collected during both 
seasons: Necrodes surinamensis (F.) and Necrophila americana (L.).  Adults of N. 
surinamensis were found at a single swine carcass (Day 8), while larvae were recovered 
from three carcasses from the fall study: Deer: Day 11 (site 3) and 15-17 (site 5); swine: 
Days 11-23 (site 4).  Specimens of N. surinamensis were only collected at a single winter 
swine carcass on two sampling events: Day 31 (adult) and 52 (larvae).  Necrophila 
americana was represented at only one carcass per season with an adult collected at fall 
swine carrion (Day 9) and larvae only at winter alligator carrion (Day 73).       
Total collections of adults and larvae of Dermestes caninus Germar (Dermestidae) 
for the fall study are as follows: Adults: Day 9 (deer, site 5) and 32 (swine, site 6); larvae: 
Days 9 (deer, site 3), 9-19 (deer, site 5), and 44 (swine, site 6).  Adults of this species 
were collected at six of the seven winter sites: Bear: Days 26-73; deer: Days 39 (site 3) 
and 24-31 (site 5); alligator: Days 45-59 (site 7); swine: Days 28-66 (site 4) and 45-52 
(site 6).  Even though D. caninus larvae were only recovered from three winter sites, their 
presence at these carcasses was notable during the following periods: Bear: Days 45-53; 
deer: Days 52-73 (site 3) and 52-66 (site 5).  
Manual collections of larvae of predaceous beetles, Histeridae and Staphylinidae, 
were limited for both seasons.  Histerid larvae were collected during the fall and winter 
studies on only four and one sampling events, respectively: Fall: bear: Day 50; alligator: 
Day 36-39 (site 2); swine: Day 57 (site 6); Winter: deer: Day 66 (site 5).  Observations of 
staphylinid larvae were moderately greater for both studies: Fall: bear: Day 15; deer Days 
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10-17 (site 3) and 9 (site 5); alligator: Day 10 (site 7); swine: Day 57 (site 6); Winter: 
deer: Days 35 (site 5) and 31-52 (site 6); alligator: Day 45 (site 3).  
Discussion 
 The objective of these seasonal studies was to document arthropod succession on 
three wildlife species typically harvested illegally and left exposed to fall and winter 
conditions in Louisiana.  In addition to the manual sampling presented here, long-term 
surveillance collections were also made with pitfall traps in order to provide detailed 
quantitative data (Chapter 4).  Manual sampling results are important given this method is 
the most widely used in both forensic studies and criminal investigations; however, sole 
reliance on manual collections for complete understanding of the carrion habitat can be 
problematic.  For example, numerous species of small to tiny flies (i.e., Drosophilidae, 
Phoridae, Piophilidae, Sepsidae, and Sphaeroceridae) and their larvae were either 
underrepresented or completely overlooked despite being abundant in pitfall traps 
(Chapter 4).  The same was true for larvae of coleopteran species such as O. colon 
(Nitidulidae), O. inaequale and N. surimanensis (Silphidae), and several unidentified 
species of staphylinid larvae.  Nevertheless, several general trends have been found with 
the approach used here.   
Carcass decomposition is generally predictable through time by observable stages 
of decomposition (i.e., fresh, bloated, active decay, advanced decay, putrid/dry remains).  
Fall carcasses progressed normally through these presumed stages; however, the 
carcasses of the winter study displayed an abnormally long period of time associated with 
a bloated or partial bloat stage.  In addition, the amount of bloating for all animal types 
varied with temperature, with patterns of inflation and deflation correlated with changes 
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in ambient temperature.  Thus, the winter carcasses basically resembled intact carcasses 
until roughly 10 February 2000 (Day 24) when the rate of decomposition began 
accelerating due to consistently higher ambient temperatures and increased insect activity 
(Fig. 3.1B).   
Louisiana winters are unpredictable and difficult to define according to ambient 
temperature ranges.  For example, the first two days of the experiment were favorable for 
insects (i.e., maximum and minimum daily temperatures of 24.4 and 14.4 and 25.6 and 
17.2 oC, respectively).  However, one day later the daily minimum ambient temperature 
dropped below 3.9 oC and remained below this value, with a few exceptions, until Day 23 
(Fig. 3.1B).  Daily maximum ambient temperatures dropped below 12.8 oC beginning 
Day 7 and did not consistently exceed this temperature again until Day 20.  Furthermore, 
carcass condition and total insect activity fluctuated according to whether daily maximum 
ambient temperatures were above or below ~12.8 oC.  Therefore, rates of carcass 
decomposition and succession of insect species progressed normally for a day or two but 
then halted for extended periods due to oscillating temperatures.           
Manual collections of insects during the winter season were difficult due to 
fluctuating temperatures, low abundance and inability to physically recover insects from 
within carcasses (i.e., adults and larvae of flies and beetles were observed and/or 
suspected to be residing deep within carcasses).  Thus, more complete representations of 
insects present at winter carcasses on a daily basis would have required necropsy, which 
was not an option for this research.  Adult calliphorids were regularly observed inside the 
mouth and throat of bear, deer, and swine carcasses and were observed flying out of the 
anus of mammalian carcasses when the hind quarters were agitated.  Calliphorid larvae 
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were often cryptic and only collected from carrion after probing deep within throat, anus, 
or thermometer puncture wound.  In addition, collections of calliphorid larvae, for 
approximately first three weeks, were likely from the same initial egg masses deposited 
prior to the dramatic drop in ambient temperature.  These calliphorid larvae were 
associated with typical initial oviposition sites and consisted of masses no more than a 
few hundred larvae.  Thus, daily sampling noticeably reduced total numbers of larvae 
present.     
Overall, insect diversity on bear, deer, and swine carrion were similar for both 
seasons.  Species abundance at fall alligators was less than mammalian species, a finding 
consistent with spring alligator carrion (Chapter 2).  In contrast, species abundance at the 
winter alligator carcasses resembled those of bear, deer, and swine carrion.  A possible 
explanation for similar total numbers of taxa collected was that winter carcasses remained 
intact and available to additional species for a considerably longer period of time than 
carcasses of the spring and fall seasons (i.e., calliphorid larvae typically consumed 
majority of carrion rapidly).  Furthermore, the greatest number of species manually 
collected during the three seasons was associated with the winter study (i.e., winter: 96 
species; spring: 93 species (Chapter 2); fall: 89 species).  However, this finding is 
misleading as species collected during the winter study represented insects associated 
with both Louisiana ‘winter’ months and spring conditions (i.e., March collections of 
winter study resembled spring season data).   
Preference for fresh carrion by green blow flies, P. coeruleiviridis and P. sericata, 
during both seasons has been well documented (Goddard and Lago 1985, Hall and Doisy 
1993).  In addition, the slight delay in arrival of C. macellaria and C. rufifacies (fall 
 74
season) and C. vicina, followed by P. regina (winter season) has also been reported 
(Greenberg 1971, Denno and Cothran 1975, Smith 1986) and was observed in this study.  
No preference or complete avoidance of any animal species by gravid female blow flies 
were observed during either study.  However, there was a delay in the accumulation of 
calliphorid eggs at alligator carrion (i.e., egg masses observed one day (fall) and three 
days (winter) later than on all other carcass types).  Alligator carrion of the spring season 
also displayed a one day delay in collections of calliphorid eggs (Chapter 2).  This 
observed delay in egg deposition on alligator carrion may imply that this species was 
initially less attractive to blow flies or that the carrion provided limited acceptable 
oviposition sites (i.e., no external wounds, anal region was virtually inaccessible, and 
eyes, nostrils, and jaws were shut tight).   
All calliphorid species appeared to develop at similar rates regardless of carcass 
type during both seasons.  However, the presence of C. rufifacies in the fall certainly 
affected the number of successfully emerged adults of P. coeruleiviridis, P. sericata, and 
C. macellaria.  Furthermore, mass migration of postfeeding third instar larvae of the 
above species was not observed due to steady movement of larvae around and away from 
the carcasses.  Therefore, no mass emergence of P. coeruleiviridis, P. sericata and/or C. 
macellaria was documented at the seven fall carcasses, and instead, reduced numbers of 
newly emerged adults were observed for various periods of time.   
The presence of C. rufifacies during the fall study directly affected the 
development of other calliphorid species, and probably altered the typical pattern of 
predator/prey interactions at the carcass.  Chrysomya rufifacies is an introduced species 
first reported in Louisiana in 1995 (Martin et. al. 1996).  Previous collections of larvae of 
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this species have suggested a late summer-fall season preference in southeastern states 
(Marin et. al. 1996, Meek et. al. 1998).  However, C. rufifacies appears to have 
established itself to some degree throughout the year in Louisiana given that adults and/or 
larvae of C. rufifacies were collected during all three seasons of this study (spring data in 
Chapter 2).  Furthermore, this species was collected by the senior author during the three 
months that no research was conducted (i.e., July-September).  Chrysomya rufifacies was 
the dominant blow fly species associated with pig carrion at a July 2000 police training 
event and from human homicide victims recovered in southeastern Louisiana in 
September 2000, 2002, and 2003).      
Predaceous behaviors of C. rufifacies larvae are well documented (Baumgartner 
and Greenberg 1984, Goodbrod and Goff 1990, Wells and Greenberg 1992, Baumgartner 
1993, Omar et al. 1994a).  Chrysomya rufifacies first instar larvae are known to be purely 
necrophagous, with second and third instar larvae becoming both facultatively 
cannibalistic and/or predaceous on other calliphorid larvae.  Greenberg (1971) stated that 
female flies oviposit after putrefactive odors develop (i.e., a few days delay in 
decomposition) and prefer to deposit eggs in areas already colonized by calliphorid 
larvae.  The observed commingling of C. rufifacies with earlier arriving species of the 
head region (i.e, P. coeruleiviridis, P. sericata, and/or C. macellaria) was potentially a 
result of young C. rufifacies larvae not yet displaying predaceous behaviors.  However, 
intermingling of species continued for only a day or two at every carcass.  Following this 
period, larvae of all other calliphorid species began migrating across the carcass to either 
reestablish at other areas of the carcass or to leave the carrion completely.  As a result, a 
zone of no larval activity was established between populations of C. rufifacies (head 
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region) and all other calliphorid species displaced to the lower tail, anal region, lower 
limbs, etc.  Relocation of other calliphorid species to peripheral areas of a carcass to 
avoid predation by C. rufifacies has been previously documented (Omar et. al. 1994b, 
Omar et. al. 1994c).    
In addition to predatory behaviors, C. rufifacies larvae appear to possess some 
form of insect repellency that affected not only calliphorid larvae (Baumgartner 1993), 
but potentially predatory beetles and ants as well.  Insect predators such as staphylinids, 
histerids, and silphids are generally found moving on and within carcass surfaces and 
maggot masses without much difficulty.  However, these predators were not found on the 
fall carcasses while large larval masses of C. rufifacies were present.  Instead, beetles 
such as C. maxillosus (Staphylinidae) or E. assimilis (Histeridae) were regularly collected 
from the surrounding leaf litter where they were preying on migrating larvae of other 
calliphorid species or at peripheral areas inhabited by species other than C. rufifacies.     
Interactions between C. rufifacies and C. macellaria are of great importance given 
that these two species coexist in Louisiana as a result of similar temperature and food 
requirements (Wells and Greenberg 1992a).  Cochliomyia macellaria was likely the most 
affected species associated with fall carrion colonized by C. rufifacies because both blow 
fly species arrive a few days postmortem and completely colonize a carcass within a few 
more days in Louisiana.  Although C. macellaria successfully bred at every carcass, the 
presence of this species at every life stage was dramatically reduced.  Wells and 
Greenberg (1992b) showed that C. rufifacies larvae reduced the number of C. macellaria 
in laboratory interactions, stating that under artificial conditions C. macellaria could be 
driven to extinction.  Displacement of C. macellaria larvae by C. rufifacies in the field 
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certainly affected total numbers of emerged adults observed at every fall carcass; thus, 
the potential for reductions in future generations of C. macellaria is of concern.       
Chrysomya rufifacies pupates on a carcass or adjacent soil surface (Norris 1959).  
Greenberg (1990) found that 84 % postfeeding larvae of C. rufifacies remained at the 
food site, while 16 % migrated less than 3.3 m.  Our findings were consistent with these 
except that a portion of larvae were observed migrating away from carcasses for 
distances exceeding 5 m (bear carrion in particular).  In addition, these larvae moved in a 
northernly direction (i.e., N, NW, NE) instead of migrating to the south as observed in 
other calliphorid species (Tessmer and Meek 1996).  However, all fresh carcasses were 
intentionally positioned with the head facing north, and so, the observed directional 
movement may have resulted from these larvae simply moving back across the head 
region to the surrounding soil. 
Regarding the winter study, development periods of calliphorid species present 
during the initial weeks of the study (presumably C. vicina and P. coeruleiviridis) were 
considerably retarded due to cooler ambient temperatures.  Calliphora vicina is a cold 
hardy species in which third instar larvae are able to enter a quiescent state for extended 
periods of time (Vinogradova and Zinovjeva 1972, Block et. al. 1990).  Small groups of 
sluggish and/or dormant C. vicina larvae were located daily within all carcasses 
(mouth/throat typically) for roughly 2 weeks.  Rates of larval development noticeably 
accelerated as soon as daily maximum ambient temperatures continuously remained 
above 21 oC (beginning approximately Day 23).  The shift from cold-adapted species 
(i.e., C. vicina and P. coeruleiviridis) to early spring species in Louisiana (i.e., P. regina) 
was subtle.  Although black blow fly larvae were collected as early as Day 5 (deer 
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carrion), P. regina eventually became the dominant calliphorid species responsible for 
consuming the majority of carrion at all seven sites (approximately around Day 24).   
Collections of newly emerged flies and/or observations of resting flies were 
scarce during the winter season.  In fact, these emerged adults were often only located 
because of predator activity in leaf litter (i.e., histerids, staphylinids, ants, and/or vespid 
wasps canvassing areas of emergence) or due to emerged flies resting inside research 
equipment boxes or directly on metal hardware fencing of a carcass.  Observations of 
emerged adults were potentially delayed for three reasons: 1) fluctuating ambient 
temperatures prolonged larval development; 2) low adult abundance limited number of 
eggs deposited initially; and 3) sampling regime late into study included biweekly and 
weekly observations.  For example, initial field collections of newly emerged adults (i.e., 
between Days 39-52) were delayed considerably compared to emergence dates of 
laboratory reared specimens (i.e., larvae to adults from Days 7 to 16-17 and 18 to 24-28).   
Initial presence of H. leucostoma larvae was always secondary to blow fly 
colonization of carcasses both seasons.  This species was associated with exposed tissues 
(i.e., internal organs, stomach contents, partially consumed muscle tissue, etc.) and was 
the primary species responsible for consuming scavenged deer carrion.  Fannia scalaris 
adults were more common than many fly species collected during both seasons, though 
total collection events or numbers of flies observed were relative to total insect activity 
for the same period (i.e., few specimens present during colder periods of winter study, 
etc.).  Both H. dentipes and F. canicularis were common during the cooler months of the 
winter study; however, larvae of these species were either not present or overlooked due 
to larger populations of H. leucostoma and F. scalaris, respectively.   
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Observations of piophilid adults were frequent at most carcasses of fall and 
winter, yet larvae of these species (majority S. nigriceps) were collected in limited 
numbers at four and three sites in fall and winter, respectively.  Piophilid larvae were 
collected at mammalian carcasses only (i.e., fall/winter bears, two fall deer, one fall and 
two winter swine).  Potentially no piophilid larvae were observed at the two winter deer 
carcasses since scavenging activities exposed internal portions of the carcasses and 
accelerated decomposition.  Thus, earlier arriving H. leucostoma larvae consumed these 
resources before piophilid larvae could become established.  Lastly, piophilid larvae were 
not manually collected at alligator carrion during the three seasonal studies (spring data 
in Chapter 2).  Alligator carrion was likely not sufficient for piophilid larval development 
since calliphorid consumption resulted in carcass remains resembling a deflated tail 
resting on crumbly soil with vertebrae, bony scales, shards of skull, and small pieces of 
wafer-thin skin scattered about. 
Sarcophagidae are known to prefer smaller carcasses in order to avoid niche 
overlap with Calliphoridae (Denno and Cothran 1975, 1976; Hanski and Kuusela 1980).  
The extremely low numbers of adults and larvae collected from fall and winter (along 
with adults but no larvae collected manually in spring season, Chapter 2) supports the 
concept of resource partitioning by sarcosaprophagous flies.  In addition, pitfall trap data 
for the three seasons also only yielded two adults and six larvae for the entire research 
project (Chapter 4).  Hermatia illucens was also present at fall and winter carrion in very 
limited numbers, despite this species being associated with bear carrion of the spring 
study for 70+ days (Chapter 2).        
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Silphid activity of the fall study was considerably less in relation to the winter.  
Manual collections of O. inaequale during the fall yielded zero adults and larvae 
collected on six sampling events (fall pitfall trap data yielded 5 adults (3 sites) and 17 
larvae (4 sites), Chapter 4).  However, O. inaequale was the most persistent coleopteran 
species of the winter study with adults and/or larvae collected regularly throughout a 
majority of the experiment (pitfall trap data yielded 106 adults (7 sites) and 573 larvae (7 
sites), Chapter 4).  The extended residencies of O. inaequale adults during the winter 
were likely a result of intermittent periods of quiescence where earlier arriving 
individuals became dormant with decreasing ambient temperatures (including mated 
pairs remaining coupled for several consecutive days).  Oiceoptoma rugulosum is 
generally found during Louisiana winter months and is less abundant than O. inaequale, a 
finding consistent with this study.  Minimal collections of both N. surinamensis and N. 
americana during both seasons were consistent with pitfall trap collections (Chapter 4).  
Necrodes surinamensis was the dominant silphid species in the spring study (Chapter 2), 
while extremely limited numbers of N. americana (i.e., less than ~20 specimens total per 
study) were collected during the three seasons (suggesting that southeastern Louisiana 
may reside near the lower limit of N. americana’s geographical distribution).   
The presence of Dermestes caninus Germar (Dermestidae), varied dramatically 
among seasons.  The fall study recovered adults from two sites on two sampling events 
and larvae from three sites on four events.  On the other hand, the winter yielded adults 
from six sites, with larvae easily collected from three carcasses (i.e., bear and deer 
carrion).  Dried hides of bear and deer and prematurely exposed bone of the scavenged 
deer likely attracted more D. caninus adults than alligator and swine carrion.  In addition, 
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no dermestid larvae were recovered from alligator carrion during spring (Chapter 2), fall, 
or winter seasons despite adults present at one winter alligator (possibly for same reasons 
piophilid larvae were not associated with alligator carrion).  Histerid and staphylinid 
larvae were relatively obscure during both studies, although histerid larvae are known to 
be cryptic regardless the season collected. 
 Data obtained from these two seasonal experiments demonstrated differences 
among the four animal species both within and between seasons.  The most obvious 
differences were associated with temperature (fall versus winter conditions), availability 
of resources that promote initial colonization (i.e., delay in egg deposition at alligator 
carrion), total carcass biomass (i.e., length of occupancy of necrophilous insects), and 
carcass composition and surface topography (i.e., arthropod residences and species 
diversity were directly associated with presence, or lack of, bone, sinew, fur, hide, and 
hooves).  Additional field studies as well as detailed laboratory experiments (i.e., 
development studies of carrion-breeding Coleoptera, etc.) are required before we fully 
understand the carrion habitat.  Accuracy of postmortem intervals for both wildlife and 
humans will improve as a result of increased knowledge of development rates, life 
histories, and faunal succession patterns of necrophilous insects.   
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QUANTITATIVE ASSESSMENT OF NECROPHILOUS COMMUNITIES 
ASSOCIATED WITH WILDLIFE CARCASSES USING PITFALL TRAP DATA  
 
Introduction 
 Pitfall traps provide a practical and effective method for sampling ground-
dwelling arthropods in ecological studies (Hebert et al. 2000).  Trap collections are 
generally abundant and yield valuable information necessary for rigorous statistical 
analyses (Spence and Niemela 1994).  Carrion baited pitfall traps are commonly used in 
life history studies (i.e., American Burying Beetle, Nicrophorus americanus Olivier) and 
carrion community studies (i.e. species composition and faunal succession patterns 
associated with decaying matter) (Putman 1978, Walker 1975, Klein 1989).  This type of 
trapping method consists of either small carcasses (typically rodents) or pieces of animal 
carrion (poultry, liver, fish, etc.) placed in a trap with arthropods collected directly from 
this medium.   
Schoenly (1981) designed an enclosed carrion bait trap that sampled immigrating 
and emigrating arthropods associated with a small animal carcass (i.e., field mouse, wood 
rat), and used the trap to test diel activities (1983) and community structure of 
necrophilous arthropods in the Chihuahuan desert (Schoenly and Ried 1983).    Non-
baited pitfall traps, referred to as ‘pitfall traps’ from here on, contribute biological and 
quantifiable information not obtainable from only sampling a carcass manually.  Pitfall 
traps continually survey the activities and densities of necrophilous arthropods associated 
with animal carcasses, and therefore, are extremely useful in illustrating species 
composition and interactions throughout decomposition.  However, relatively few carrion 
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ecology and/or forensic entomology studies involving large vertebrate carcasses have 
incorporated pitfall traps (i.e. traps adjacent to a large carcass) (Centeno et al. 2000, 
Archer and Elger 2003, Shahid et al. 2003). 
The integration of quantitative collection methods (i.e., pitfall traps) to forensic 
entomology research for the purpose of extensive sampling and statistical analyses has 
not become routine.  Limited use of collection methods other than manual sampling 
techniques is likely a result of two factors: 1) manual sampling is the traditional and most 
widely used method in forensic entomology studies; and 2) entomological evidence 
recovered at human and wildlife death investigations are always collected manually.  A 
comprehensive understanding of the carrion community is necessary to fully utilize 
necrophilous insects in forensic investigations.  Manual sampling alone cannot provide 
sufficient insight.  The addition of descriptive and quantitative pitfall trap data 
dramatically increases our knowledge of decomposition and the carrion habitat.  
Materials and Methods 
Twenty-one fresh vertebrate carcasses were monitored throughout decomposition 
using pitfall traps in a mixed flatwoods habitat in East Baton Rouge Parish, LA during 
the spring and fall of 1999, and winter of 2000.  Seven carcasses were studied each 
seasonal study for necrophilous arthropod activity, including one Louisiana black bear 
(Ursus americanus luteolus Griffith, a threatened species), two white-tailed deer 
(Odocoileus virginianus Rafinesque), two American alligators (Alligator mississippiensis 
Daudin), and two swine (Sus scrofa L., experimental reference).  Fresh carcasses for the 
three studies weighed the following at the beginning of each season: bear: spring ~146, 
fall ~81, and winter ~67.5 kg; deer: spring ~31.5 and 40.5 kg, fall ~33.8 and 36.9 kg, 
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winter 36 and ~40.5; and alligators with length and weights of: spring ~0.9/5.5 and 1 m/6 
kg, fall ~1.5/9.9 and 1.4 m/8.6 kg, and winter ~1.6/17.1 and 1.5 m/13.5 kg).  Swine 
carcasses weighed: spring ~29 and 45 kg; fall ~26.1 and 29.3 kg; and winter ~47.3 and 
31.5 kg.  Complete site description, experimental setup, and manner of death for the four 
animal types are provided in Chapter 1.          
Each pitfall trap comprised two 0.5 L Solo® drink cups seated within each other 
and sunk into the ground approximately 25 cm from the carcass, and 76 cm from the next 
trap.  A square of aluminum sheathing (10 x 18 cm) supported by four galvanized nails 
was suspended approximately 2.5 cm above each trap to limit rainfall and/or falling 
debris.  Propylene glycol was used as a preservative.  The total number of pitfall traps 
varied depending on the size of each animal species: four traps per swine and alligator 
carcass (lower portion of tail was excluded from calculation); five traps per deer and bear 
carcass.   Pitfall traps were serviced each sampling event (i.e., trap contents removed and 
replenished with fresh propylene glycol) with collections drained, rinsed with 80% ethyl 
alcohol, and stored until further processing. 
The sampling regime included daily sampling for 14 days, followed by every-
other-day sampling for 14 days, twice-a-week for 14 days, and then once-a-week for 28 
days.  Sampling was terminated after varying time intervals depending on the length of 
time required for each animal type to reach dry remains.  Meteorological data were 
recorded on site per sampling event, including rainfall and ambient temperature (i.e., 
high, low, and time of sampling temperature).  These data were supplemented with 
similar climatic information recorded by the Louisiana Office of State Climatology for 
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the duration of the study.  Carcass temperature, including the generated maggot mass 
heat, was recorded until skeletonization.    
Data Processing.  All specimens collected using pitfall traps were identified to 
the lowest possible taxonomic level and quantified.  Identified taxa were eliminated prior 
to statistical analyses if they belonged to one of the following categories: 1) non-
arthropods; 2) phytophagous arthropods; 3) aquatic crustacea (= crawfish); and 4) total 
number of specimens of a particular taxon (N) collected over the three seasons was less 
than 10.  After all non-arthropods and phytophagous arthropods were removed from the 
original data set, the remaining taxa were sorted to identify those with fewer than ten 
specimens.  These species were re-identified to family (or subfamily if Staphylinidae) in 
order to retain as much biological information as possible, and included in the final data 
set if N was equal or greater than 10 (Appendix C).  The pooling of these species was 
justified given that species of a family are usually biologically similar. 
Extensive formatting of the raw data was required prior to performing any of the 
analyses in consultation with Dr. Jay Geaghan of the Department of Experimental 
Statistics, Louisiana State University.  The complete raw dataset contained the following 
information for each sampling event for all 21 carcasses: season, site, animal type, day 
(i.e., day of decomposition), species, number of specimens collected per trap, sum of 
specimens per species, max/min ambient temperature, cumulative precipitation, and 
internal carcass temperature.  All analyses were conducted using three separate variables 
created to depict time; Day, Period, and Stage.  Day represents days of decomposition.  
Period groups day into four periods: 1) days 1-7, 2) days 8-14, 3) days 15-30, and 4) days 
31+.  Stage groups carcass decomposition into five stages that are commonly used in 
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forensic and decomposition studies: fresh, bloat, active, advanced, and dry decay 
(Appendix D).  Results were easier to compute and interpretation was clearer when using 
the stage variable, so findings are presented relating to the stages of decomposition, and 
not individual sampling events (i.e., Days 1, 2, 3, etc. of decomposition). 
Quantitative pitfall trap data were analyzed using the following multivariate and 
regression analyses: principle component analysis (Proc Factor), regression analysis 
(Proc Mixed), canonical correlation analysis (Proc CanCorr), and discriminant analyses 
(Proc Stepdisc, Proc Discrim, and Proc CanDisc) (SAS Institute 1999).  Three diversity 
tests were conducted using the Proc Mixed procedure including: Shannon’s Index for 
species diversity, Pielou’s J for species evenness, and ‘non-zero’ for determining the 
number of species per visit (a richness indicator).  
Results 
 A total of 438 taxa represented by 451,036 specimens were collected using pitfall 
traps during the three seasonal studies (350 sampling events, 1399 samples).  All taxa 
were identified to either the lowest possible taxonomic level or to the lowest level 
necessary for analysis.  Specimens meeting elimination criteria were not identified to 
species.  In addition, life stages of 19 necrophilous species and/or families were assigned 
individual taxon numbers in order to document the activities of adult and immature forms 
throughout decomposition (i.e., species belonging to the following: Diptera: 
Calliphoridae, Fanniidae, Muscidae, Phoridae, Piophilidae, and Stratiomyidae; 
Coleoptera: Cleridae, Dermestidae, Histeridae, Nitidulidae, Silphidae, and 
Staphylinidae).  Therefore, the complete raw data set included 36 Orders, 147 Families 
and ~348 species (218 identified, 130 morphospecies) (Appendices A).     
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Frequency information.  Total number of observations (i.e., total number of 
times, or occurrences, all taxa were represented throughout the three studies, N=12,092) 
and total number of specimens collected for each season by animal type (i.e., 
season*type, N=451,036) for the 438 taxa are presented in Tables 4.1a-b.  (Note: six 
carcasses per animal type, except for bear carrion, which was represented by three 
carcasses.) 
 
Table 4.1a.  Total number of observations for each season per animal type.  Number of 
carcasses per animal type are in parentheses. 
Frequency of Occurrence for Season by Animal Type 
Type 
Season 
Alligator (6) Bear (3)   Deer (6) Swine (6)  
Total 
Fall 721 533 1561 532 3347 
Spring 683 1349 2785 1735 6552 
Winter 462 327 706 698 2193 
Total 1866 2209 5052 2965 12092 
 
Table 4.1b.  Total number of specimens collected for each season per animal type.  
Number of carcasses per animal type are in parentheses. 
Frequency of Specimens for Season by Animal Type 
Type 
Season 
Alligator (6)  Bear (3)  Deer (6)  Swine (6)  
Total 
Fall 22767 18190 27208 8947 77112 
Spring 4125 78749 144534 30216 257624 
Winter 22222 10197 25797 58084 116300 
Total 49114 107136 197539 97247 451036 
 
 Total number of observations for the three homeotherms (i.e., bear, deer, and 
swine) were lowest during the winter season for bear and deer (327 and 706, 
respectively), and second lowest for swine carrion (698).  Yet, total number of specimens 
collected for winter deer carrion was similar to fall carrion (25,797 versus 27,208) despite 
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twice as many overall taxa occurrences recorded at fall carrion (706 versus 1561, 
respectively).  In addition, winter swine carrion attracted twice as many specimens as 
spring swine (58,084 versus 30,216, respectively) and more than six times that of fall 
swine carrion (8,947).  Spring bear carrion yielded the largest number of observations 
(1,349, 523, and 327 for spring, fall, and winter bears, respectively) and considerably 
more specimens (78,749) than fall and winter carcasses combined (18,190 and 10,197).  
 Alligator carrion attracted half as many specimens (49,114) as swine and bear 
(97,247 and 107,136, respectively), and roughly one-fourth the specimens collected at 
deer carrion (197,539).  Overall observations of all taxa throughout decomposition at 
spring and fall alligators were similar (683 versus 721, respectively), yet the total number 
of specimens collected considerably higher at the fall alligators (22,767 versus 4,125 for 
fall and spring, respectively).  In addition, winter alligators attracted nearly the same 
number of specimens as fall alligators (22,222 versus 22,767, respectively) despite the 
lowest total number of taxa observations (462).    
 Considering total numbers of specimens collected for the five stages of 
decomposition in relation to season and animal type (Tables 4.2-4.3), the fewest number 
of specimens were collected during the fresh stage while the dry stage yielded the largest 
number of specimens for all seasons and all animal types (except for ‘dry bear’).  Each 
consecutive stage supported increasing numbers of specimens, most notable at deer and 
swine carrion between advanced and dry stages.  However, the presence of phoretic mites 
(family Parasitidae) and three families of springtails (order Collembola) considerably 
inflated arthropod activity of the later stages of decomposition (Table 4.4) (Appendix D).  
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Removal of these taxa dramatically reduced the number of specimens per stage and 
modified the overall results such that advanced decay then supported the most organisms.  
The total number of species collected per season, animal type, and stage of decay 
were as follows: Season: spring: 384; fall: 258; and winter: 236; Animal type: bear (3 
carcasses): 288; deer (6): 348; alligator (6): 225; and swine (6): 281; Stages of decay: 
fresh: 26; bloat: 184; active: 215; advanced: 292; and dry remains: 366.   
 
Table 4.2.  Total number of specimens collected for three seasons per stage of 
decomposition.  Seven carcasses were studied per season. 
Frequency of Specimens for Season by Stage 
Stage of decomposition 
Season 
Fresh Bloat Active Advanced Dry 
Total 
Fall 0 1519 17427 34002 24164 77112 
Spring 45 1018 41576 78102 136883 257624 
Winter 87 6302 8876 19431 81598 116294 
Total 132 8839 67879 131535 242645 451030 
Frequency Missing = 6 
 
Table 4.3.  Total number of specimens collected for four animal types per stage of 
decomposition.  Number of carcasses per animal type are in parentheses. 
Frequency of Specimens for Animal Type by Stage 
Stage of decomposition 
Type 
Fresh Bloat Active Advanced Dry 
Total 
Alligator (6) 0 1576 2649 21066 23817 49108 
Bear (3) 130 1450 28477 72103 4976 107136 
Deer (6) 2 3198 29157 21362 143820 197539 
Swine (6) 0 2615 7596 17004 70032 97247 
Total 132 8839 67879 131535 242645 451030 
Frequency Missing = 6 
 
Frequency data for the 438 taxa were used to describe species communities, 
faunal succession patterns, and seasonality of arthropods associated with the four carrion  
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habitats throughout decomposition (Appendices D, E).  Discrete groups of species may 
be strongly associated with particular stages of decomposition (Table 4.5).  Limited 
species were collected during the fresh stage, with no species collected more often at 
fresh carrion than any other stage.  The bloat stage was separated from species 
communities of other stages by a single species, Calliphora vicina Robineau-Desvoidy 
larvae (Calliphoridae).  Larvae of the blue blow fly, C. vicina, are cold-adapted and were 
associated with the seven winter carcasses only. 
 
Table 4.4.  Adjusted number of specimens collected at 21 animal carcasses per stage of 
decomposition after removal of Acari and Collembola.   
Adjusted Frequency of Specimens for Stages of Decomposition 
Stage of decomposition 
Taxa 
Fresh Bloat Active Advanced Dry 
Total 
Total Specimens 132 8839 67879 131535 242645 451036 
Parasitidae 23 1427 5062 51418 160584 218514 
Collembola 50 4539 4185 4658 33799 47231 
Adjusted Total 59 2873 58632 75459 48262 185291 
 
Table 4.5.  Abundances of representative taxa collected per stage of decomposition at 21 
animal carcasses during three seasons.  Bolded numbers represent the stage of decay each 
taxa was most abundant.  
Species Fresh Bloat Active Advanced Dry Total 
 0 species      
Calliphora vicina larvae 0 112 37 23 44 216 
Phaenicia coeruleiviridis larvae 0 15 16631 3694 351 20691 
Phormia regina larvae 0 4 9488 6382 2360 18234 
Cochliomyia macellaria larvae 0 0 5282 1203 33 6518 
Phaenicia sericata larvae 0 0 3181 123 60 3364 
Creophilus maxillosus 0 59 1922 1100 106 3187 
Hydrotaea leucostoma 0 7 349 281 191 828 
Necrodes surinamensis 0 0 101 16 1 118 
Piophila casei 0 0 43 29 3 75 
Chrysomya rufifaces larvae 0 0 7119 23318 1446 31883 
Omosita colon 1 24 529 9584 3789 13927 
Euspilotus assimilis 0 59 2369 3763 526 6717 
Hydrotaea leucostoma larvae 0 0 157 1316 395 1868 
(table 4.5 continued) 
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(table 4.5 continued) 
Piophilidae larvae 0 1 0 1214 516 1731 
Staphylininae larvae 0 0 182 1041 592 1815 
Stearibia nigriceps 0 0 107 691 218 1016 
Thamiaraea lira 1 33 105 419 309 867 
Dermestes caninus larvae 0 0 10 125 76 211 
Dermestes caninus 0 0 10 58 33 101 
Parasitidae 23 1427 5062 51418 160584 218514 
Omosita colon larvae 1 8 23 4501 7566 12099 
Fannia scalaris larvae 1 3 116 793 1139 2052 
Oxytelus sculptus 0 3 34 189 963 1189 
Leptocera (Pteremis) sp. 2 50 307 480 901 1740 
Necrodes surinamensis larvae 0 0 209 801 862 1872 
Conicera h. barberi 0 2 21 76 782 881 
Quedius capucinus 0 30 128 215 589 962 
Group 4 staphylinid larvae 0 1 5 82 527 615 
Oiceoptoma inaequale larvae 0 2 60 151 456 669 
Hermetia illucens larvae 0 0 0 248 404 652 
Stilpon limitaris 0 0 6 29 143 178 
Trox punctatus 0 0 7 34 75 116 
Catops simplex 2 7 6 6 29 50 
Histeridae larvae 0 0 0 7 18 25 
Necrobia rufipes larvae 0 0 0 8 18 26 
 
Several species of parasitic Hymenoptera, as well as ant species (Formicidae) 
were collected by pitfall traps during the three seasons (Tables 4.6-4.7).  All parasitic 
Hymenoptera were sorted to morphospecies and then verified by specialists (see 
Acknowledgements).  In addition, abundances of forest floor faunal constituents 
increased as decomposition progressed towards dry decay (Table 4.8).  Additional 
information regarding taxa activity per stage of decomposition is located in Appendix D.  
 
Table 4.6.  Abundances of parasitic Hymenoptera collected by pitfall traps per stage of 
decomposition at 21 animal carcasses during three seasons.  Number in parentheses 
indicates morphospecies. 
Family Species Fresh Bloat Active Advanced Dry Total 
Braconidae Braconidae (9) 0 7 10 10 56 83 
Bethylidae Bethylindae (2) 0 0 2 2 8 12 
Ceraphronidae Ceraphron sp. 0 2 1 6 66 75 
Chalcididae Halthichella rhyacioniae 0 0 0 0 1 1 
(table 4.6 continued) 
 95
(table 4.6 continued) 
Diapriidae Basalys sp. 0 1 6 4 30 41 
 Belyta sp. 0 0 0 0 1 1 
 Belytinae (1) 0 1 0 0 0 1 
 Coptera sublata 0 0 0 0 1 1 
 Idiotypa sp. 0 0 0 0 19 19 
 Trichopria sp. 0 1 3 7 20 31 
Eucoilidae Eucoilidae (4) 0 0 2 4 11 17 
Eupelmidae Anastatus mirabilis 0 0 0 0 1 1 
 Eupelmidae (2) 0 0 0 1 0 1 
Figitidae Figitidae (3) 0 0 0 7 4 11 
Ichneumonidae Ichneumonidae (1) 0 4 15 95 132 246 
 Ichneumonidae (8)  1 6 0 10 19 36 
Megaspilidae Conostigmus sp. 0 1 2 7 9 19 
 Dendrocerus sp. 0 0 0 1 0 1 
 Lagynodes sp. 0 0 0 0 5 5 
Mymaridae Camptoptera sp. 0 1 0 0 0 1 
 Gonatcerus sp. 0 0 1 0 2 3 
 Litus cynipseus 0 2 0 1 7 10 
Ormyridae Ormyrus sp. 0 0 0 1 0 1 
Platygastruidae Amblyaspis sp. 0 0 0 2 1 3 
 Fidiobia sp. 0 0 1 0 0 1 
 Leptacis sp. 0 0 0 2 1 3 
Proctotrupidae Brachyserphus abruptus 0 0 0 1 0 1 
Pteromalidae Muscidifurax raptor 0 0 0 1 0 1 
 Nasonia vitripennis 0 0 0 5 15 20 
 Psilocera sp. 0 0 0 0 1 1 
 Spalangia cameroni 0 0 0 1 1 2 
 Spalangia nigra 0 1 3 3 22 29 
 Spalangiolaelaps argenticoxa 0 0 0 1 0 1 
 Systellogaster ovivora 0 0 0 0 4 4 
 Trimicrops sp. 0 0 0 0 2 2 
Scelionidae Baeus sp. 0 0 0 1 15 16 
 Telenomus sp. 0 1 2 2 0 5 
 Trimorus sp. 0 14 9 6 22 51 
Trichogrammatidae Trichogrammatidae (1) 0 1 0 0 0 1 
Total  60 species 1 43 57 181 476 758 
 
Table 4.7.  Abundances of 16 species of Formicidae collected by pitfall traps per stage of 
decomposition at 21 animal carcasses during three seasons. 
Species Fresh Bloat Active Advanced Dry Total 
Camponotus americanus 1 17 11 31 94 154 
Camponotus pennsylvanicus 1 13 62 107 212 395 
Crematogaster pilosa 0 8 4 14 28 54 
Cyphomyrmex rimosus 0 5 0 0 3 8 
Hypoponera opacior 0 8 2 4 7 21 
(table 4.7 continued) 
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(table 4.7 continued) 
Leptothorax curvispinosus 0 1 2 3 4 10 
Myrmecina americana 0 1 1 0 0 2 
Pheidole dentata 0 293 72 111 415 891 
Pheidole sitarches 0 57 41 27 90 215 
Pyramica rostrata 0 0 2 0 0 2 
Solenopsis invicta 0 207 223 2806 1107 4343 
Solenopsis molesta 2 46 17 244 368 677 
Strumigenys louisianae 0 4 0 2 5 11 
Myrmica brevispinosa 0 4 1 3 4 12 
Tetramorium rugiventris 0 14 7 10 25 56 
Trachymyrmex septentrionalis 0 5 1 4 25 35 
Total 4 683 446 3366 2387 6886 
 
Table 4.8.  Examples of resident fauna with increased abundance during late stages of 
decomposition at 21 animal carcasses during three seasons. 
Species Fresh Bloat Active Advanced Dry Total 
Entomobryidae 10 1641 1819 3227 21187 27884 
Sciaridae 10 94 81 395 2126 2706 
Araneae 7 226 251 302 1201 1987 
Geotrupes splendidus 0 155 209 357 900 1621 
Phlaeothripidae 0 14 13 62 853 942 
Psocidae 0 2 2 16 319 339 
Onthophagus hecate 1 17 23 72 296 409 
Polyxenidae 0 4 12 78 174 268 
Nephanes sp. 0 2 15 45 118 180 
Ateuchus histeroides 0 7 1 11 91 110 
Ahasverus rectus 0 1 7 88 80 176 
Parcoblatta spp. (3) 0 7 3 9 77 96 
Porcellio sp. 0 12 13 13 63 101 
Monotoma fulvipes 0 0 3 24 27 54 
Silvanidae larvae 0 0 0 13 15 28 
 
Diversity indices.  All statistical tests (excluding the Proc Frequency procedure) 
were performed twice regarding the Stage variable.  First, five stages of decomposition 
(fresh, bloat, active, advanced, and dry decay) were analyzed.  Second, fresh and bloat 
were combined (labeled as ‘bloat’) to minimize non-estimable portions of the results.  
Thus, results presented from here on will report four stages of decomposition.  The Type 
III tests of fixed effects for the dependent variable ‘nonzero’ (Proc Mixed procedure) 
found all effects to be highly significant (i.e., Pr > F = < 0.0001 for season, animal type, 
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stage, and all interactions).  The average number of species collected using pitfall traps 
per sampling event per season, animal type, and stage of decomposition were determined 
by the nonzero test (Table 4.9).  Also, results for the interaction between season and 
animal type (Table 4.10) were establishing using the Proc Mixed procedure.  The two 
winter swine attracted the most species on average and the two spring alligators averaged 
the fewest species recovered.  The single spring black bear produced the second highest 
number of species per trapping event.  The winter dry bear was not estimable using the 
SAS Proc Mixed procedure (non-estimable results documented by ‘.’ when applicable).     
 
Table 4.9.  Average number of species collected by pitfall traps per sampling event for 
season, animal type, and stage of decomposition.  Number of carcasses per animal type in 
parentheses. 
Class Variable Estimate Tukey-Kramer  (P < 0.05) 
Spring 35.3508 A 
Fall 32.3774 A 
Season 
Winter . . 
Swine (6) 39.5277 A 
Deer (6) 33.1601 B 
Alligator (6) 26.7114 C 
Animal Type 
Bear (3) . . 
Advanced 44.4375 A 
Active 33.3036 B 
Fresh/Bloat 17.0656 C 
Stage 
Dry . . 
 
Table 4.10.  Average number of species collected by pitfall traps per sampling event for 
each season by animal type.  Number of carcasses in parentheses. 
Season Animal Type Estimate Standard Error Tukey-Kramer (P < 0.05) 
Winter Swine (2) 52.212 2.8896 A 
Spring Bear (1) 47.7857 2.2071 AB 
Spring Deer (2) 42.6078 1.6429 ABC 
Fall Bear (1) 37.2083 3.5529 BCDE 
Winter Alligator (2) 36.5774 2.8935 BCD 
(table 4.10 continued) 
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(table 4.10 continued) 
Fall Swine (2) 34.0446 2.745 CDEF 
Fall Deer (2) 33.3832 1.8414 DE 
Spring Swine (2) 32.3264 1.832 DE 
Fall Alligator (2) 24.8734 2.0057 EFG 
Winter Deer (2) 23.4893 1.9293 FG 
Spring Alligator (2) 18.6833 1.9344 G 
Winter Bear (1) . .  . 
 
According to Shannon’s Index, only season was significant (Type III tests, Pr > F 
= < 0.0001) for species abundance.  Shannon’s estimate ranges from 0 to 3, 3 being most 
diverse.  Slight differences in species diversity existed for season, animal type, and stage 
of decomposition (Table 4.11); however, significant differences as determined by Tukey-
Kramer pair-wise comparisons (P < 0.05) were identified for season*stage and  
 
Table 4.11.  Species diversity determined using Shannon’s Index for season, animal type, 
and stage of decomposition.  Number of carcasses per animal type in parentheses. 
Class Variable Shannon's Estimate 
Tukey-Kramer  
(P < 0.05) 
Spring 2.0708 A 
Fall 1.9737 A 
Season 
Winter . . 
Deer (6) 1.9463 A 
Swine (6) 1.8383 A 
Alligator (6) 1.7514 A 
Animal Type 
Bear (3) . . 
Fresh/Bloat 1.9157 A 
Active 1.8971 A 
Advanced 1.8696 A 
Stage 
Dry . . 
 
season*type*stage interactions (Appendix F).  Data for the season*type*stage interaction 
suggest that the single fall bear in advanced decomposition was the most diverse 
(2.5539), while the winter dry alligator (1.1577) and winter dry swine (0.9331) were the 
least diverse.  Limited trends in species diversity can be interpreted from the 
 99
season*type*stage results (consequence of non-significance of animal type and stage); 
however, bloat and advanced decay for mammal species in the spring and fall were the 
most diverse, as well as almost all winter animal types in all stages of decay had lower 
species diversity. 
Species evenness was tested using Pielou’s J.  Estimates range from 0 to 1, zero is 
no observed species evenness and one is completely even (i.e., all species were 
represented by equal numbers of individuals).  Type III tests of fixed effects for Pielou’s 
J (dependent variable, Proc Mixed procedure) identified season and stage (Pr > F = < 
0.0001) as significant for species evenness.  However, Tukey-Kramer comparisons found 
no significant differences between seasons (Table 4.12).  The season*type*stage 
 
Table 4.12.  Species evenness determined using Pielou’s J for season, animal type, and 
stage of decomposition.  Number of carcasses per animal type in parentheses. 
Class Variable Pielou's J Estimate 
Tukey-Kramer  
(P < 0.05) 
Spring 0.6469 A 
Fall 0.5904 A 
Season 
Winter . . 
Deer (6) 0.6032 A 
Alligator (6) 0.5915 A 
Swine (6) 0.5477 A 
Animal Type 
Bear (3) . . 
Fresh/Bloat 0.7274 A 
Active 0.5798 B 
Advanced 0.5054 B 
Stage 
Dry . . 
 
interaction was also significant (0.0004) (Appendix F).  These results suggest that spring 
deer carrion in the fresh/bloat stages (0.8847) was the most even carcass habitat, while 
winter dry swine was the least even (0.2099).  Forty-eight combinations existed for the 
season*type*stage interaction with the overall trend in evenness being the highest for 
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bloat stages of spring and fall (0.7009-0.8847); medium evenness for spring and fall 
advanced and dry decay (0.5320-0.6047); and lowest for the majority of winter animals 
(i.e., swine, bear, alligator) in active, advanced, and dry decay  (0.2099-0.4132).        
The final dataset established for multivariate and regression analyses included 167 
taxa (179,283 specimens) as determined by the elimination criteria (Appendix C).  As a 
result of pooling species (N<10) to family level, the refined dataset consisted of species 
(N=249), families (N=47), and higher order designations (N=3) (i.e., an additional 136 
species, representing 29 families and/or subfamilies, were incorporated into the final data 
set). 
Multivariate and regression analyses.  Principle component analysis (Proc 
Factor) was conducted using the refined dataset.  Proc Factor reduced the volume of raw 
data by creating ‘new variables’ (factors) according to similarities among the 167 taxa.  
Factor scores were produced for each taxon per factor and represented the amount of 
variation explained by a taxon for a particular factor (i.e., 167 factors were created, each 
containing information about the 167 taxa).  The first 20 of 167 factors were retained 
(number determined a priori) and represented 0.5045 of the cumulative variance 
explained (i.e., 50.45 %).  Two-thirds and 99% of the variance were explained by factors 
36 and 126, respectively.  In addition, the scree plot identified the first 52 factors as 
informative (eigenvalues 1 or greater).   
All taxa with factor loadings greater than 0.3162 (i.e., ~10% variance explained) 
in the first 20 factors were identified and biological significance assessed.  Relationships 
between significant taxa per factor were identified using frequency data arranged by 
season and animal type (Apendix E), and stage of decomposition (Appendix D).  
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Significant taxa, variance explained, and biological information for the first nine factors 
are listed in Appendix G (i.e., factors 10 and higher were less biologically informative).  
Factors such as 1 and 3 illustrate species assemblages associated largely with spring bear 
and/or deer carrion in advanced and dry decomposition (taxa of these assemblages were 
often collected minimally or not at all at alligators).  Factor 2 displayed an association 
predominantly with winter deer and swine in active (minimally), advanced, and dry 
stages of decomposition; while factor 8 represented fall deer in advanced and dry stages.  
Lastly, factor 9 can be interpreted two ways: 1) taxa strongly associated spring bear in 
advanced and dry stages; or 2) taxa associated with the opposite of the above (i.e., 
negative values polarize factor scores and suggest carcasses of non-spring, non-bear, or 
earlier stages of decomposition). 
Regression analysis (Proc Mixed procedure) tested the factor loadings of the first 
20 factors (i.e., the dependent variable) against three original class variables and their 
interactions: season, animal type, and stage.  Statistical significance was assessed for all 
20 factors (Type III tests of fixed effects, followed by Tukey-Kramer pair-wise 
comparisons (P < 0.05)).  Five of the first nine factors contained significant variables 
(factors 1, 2, 6, 8, and 9) with the following pattern of significance: season, stage, 
type*stage, and season*type*stage were significant for five factors; animal type and 
season*stage for four factors; and season*type for three factors. 
Discriminant analyses were performed in a series in which Proc StepDisc first 
selected 50 of the 167 taxa as having discriminating abilitiy (Appendix H), and then Proc 
Discrim evaluated the discriminating power of these identified taxa (Table 4.13).  
According to Proc Discrim, these 50 taxa were most discriminating for alligator carrion 
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(i.e., 85.88% of the observations correctly classified alligator carrion as alligator).  
Alligator carrion was inaccurately classified as deer (5.88%) and swine (8.24%), yet 
never as bear carrion.  Bear, deer, and swine were accurately classified as themselves 
66.67, 69.29, and 74.71% of the time, respectively.  All three mammal species were 
misclassified as alligator more often then the other two animal types combined.   
 
Table 4.13.  Number of observations and percent classified (bolded) into animal type 
determined using two discriminant analyses.    
From Type Alligator Bear Deer Swine Total 
73 0 5 7 85 
Alligator 
85.88 0 5.88 8.24 100 
10 34 3 4 51 
Bear 
19.61 66.67 5.88 7.84 100 
35 0 88 4 127 
Deer 
27.56 0 69.29 3.15 100 
19 1 2 65 87 
Swine 
21.84 1.15 2.3 74.71 100 
137 35 98 80 350 
Total 
39.14 10 28 22.86 100 
Priors 0.25 0.25 0.25 0.25   
 
Canonical discriminant analysis (Proc CanDisc) tested two sets of variables: 1) 
the 50 taxa identified in Proc Stepdisc; and 2) three class variables, season, animal type, 
and stage.  Three canonical correlations discriminated between animal type: canonical 
correlation 1 (Can 1) represented 0.4500 (45%) of the variance explained, with Can 2 and 
Can 3 representing 0.3436 and 0.2064 of the total variance, respectively.  The three 
canonical correlations were plotted against each other (Figures 4.1-4.3) and interpreted 
for discriminating ability of the species assemblages associated with each correlation.  
Taxa with factor loadings greater than 0.3162, or approximately 10% variance explained, 
were identified and reviewed for biological significance (Appendix H).    
 103
Taxa associated with Can 1 distinguishes bear carrion from the other three animal 
types (Figure 1) (i.e., potentially more abundant or present only at bear carcasses 
(positive values) or low abundance/absent at bear (negative values)).  Canonical 
correlation 2 appears to separate deer and swine carrion by using taxa with the greatest 
contrasting abundances (where as alligator and bear carcasses had moderate 
representation).  Species associated with Can 3 seemed to distinguish alligator carrion 
from the mammal species (Figures 4.2-4.3).  Further more, Figures 4.2 and 4.3 reiterate 
that Can 2 separates deer and swine carcasses and that Can 1 discriminates bear carrion 
from all other types, respectively.  All significant taxa for the three correlations are listed 
in Appendix L and are interpreted the following way: 1) the larger the factor loadings, the 
higher the variance explained and the stronger the association is with that canonical 
correlation; 2) negative values refer to opposite associations; and 3) taxa with large 
negative and large positive values suggest opposing species communities likely found at 
different carcass types.  














































Figure 4.2.  Plot of canonical correlations 2 and 3. 
 





















Figure 4.3.  Plot of canonical correlations 1 and 3. 
 
Canonical correlation analysis, like principle component analysis (Proc Factor), 
maximizes similarities between variables; however, this test finds correlations between 
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two sets of variables (i.e., VAR variables (167 taxa) and WITH variables (season, animal 
type, and days of decomposition)).  Environmental information including maximum and 
minimum daily ambient temperature and cumulative precipitation were merged with the 
factor analysis output (Proc Factor results) prior to performing Proc CanCorr.  Carcass 
temperature was removed from the environmental data set as this data was incomplete 
and created several statistical problems during analysis (i.e., carcass temperatures were 
not recorded after approximately early advanced decay when biomass dramatically 
declined).  We plotted the factor loadings of the correlations between the WITH variables 
and THEIR canonical variables (i.e., WITH with THEIR) in order to illustrate daily 
trends in arthropod activity in relation to days of decomposition (Figure 4.4.).   
Ten canonical correlations were created since ten variables were in the WITH 
variable set (i.e., Fall, Winter, Bear, Deer, Alligator, and five mathematical variables 
representing trends in time (Day, Day2, Day3, Day4, and Day5).  Results from the WITH 
with THEIR correlations for season and animal type were interpreted by comparing fall 
and winter against spring, and deer, bear, and alligator against swine (i.e., factor loadings 
for fall, winter, deer, bear, and alligator represent the amount of variation differing from 
their respective control) (Appendix H).  The first eight canonical correlations were highly 
significant (Pr > F = < 0.0001 for W1-W7, and 0.0002 for W8) and 100% variance 
explained was achieved at W10.   
Biological importance for each trend line was estimated using taxa identified as 
significant (coefficients equal or greater to 0.3162) from the VAR with THEIR 
correlations (i.e., correlations between the VAR variables and THEIR canonical 
variables) (Appendix H).  Statistical significance for the WITH variables was determined 
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by identifying those with coefficients equal to or greater than 0.3162.  For example, taxa 
associated with the WITH variable W1 (open triangles), W2 (closed squares), and W3 
(open squares) were all strongly associated with the time variables (Appendix H).  These 
trend lines suggest that taxa of W1 and W3 were generally associated with carrion of all 
types approximately a month into decomposition, peaking around days 45 and 35, 
respectively; while W2 peaked around Day 50.   
Representative taxa (species and/or family designations) for these correlations 
included: W1: Coleoptera: Dermestes caninus Germar (Dermestidae), Carcinops pumilio 
(Erichson) (Histeridae), Monotoma fulvipes Melsheimer (Monotomidae), and 
Tenebrionidae; Dipera: Piophilidae larvae, Sphaeroceridae, Hermetia illucens (L.) adults 
and larvae (Stratiomyidae); Hymenoptera: Braconidae, Solenopsis  molesta (Say) 
(Formicidae); W2: Coleoptera: Geotrupes blackburnii Say and G. splendidus (F.) 
(Geotrupidae); Omosita colon (L.) larvae (Nitidulidae), Ataenius platensis (Blanchard) 
(Scarabaeidae), Ahasverus rectus (Leconte) (Silvanidae), Aleodorus sp. and Tachinus 
axillaries Erichson (Staphylinidae), Trox punctatus Germar (Trogidae); Diptera: Stilpon 
limitaris Cumming (Empididae), Megaselia (Megaselia) sp.1 and Pericyclocera floricola 
Borgmeier (Phoridae); Hymenoptera: Ceraphronidae, Diapriidae, Pteromalidae; 
Psocoptera: Psocidae; Polyxenida: Polyxenidae; W3: Hymenoptera: Camponotus 
pennsylvanicus (DeGeer) (Formicidae).          
The remaining five significant canonical correlations appear to illustrate the 
following trends: W4: taxa associated with fall season; W5: taxa associated with spring 
season (i.e., negative values imply opposite of fall and winter); W6: deer carrion of fall 
season and potentially those taxa not associated with winter and alligator carrion; as well 
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as strong implications for taxa associated with bear carrion (W7) and deer carrion (W8).  



























Figure 4.4.  Daily trends in species community activity as determined by Canonical 
Correlation Analysis.  
 
Discussion 
 The use of pitfall traps supplied unique and valuable information to this research.  
This trapping method dramatically increased our total number of species and specimens 
collected, resulting in a robust dataset suitable for several qualitative and quantitative 
analyses.  Findings from these statistical tests supplement our knowledge of 
decomposition, the carrion habitat, and the necrophilous arthropods associated with large 
vertebrate carcasses.  In addition, these results can contribute to the successful 
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incrimination of poachers by increasing our understanding of the carrion community and 
succession patterns associated with wildlife species. 
 Frequency data obtained from trap collections provide basic ecological and 
biological information such as: total number of species, species abundance, species 
composition, faunal succession patterns, duration of species associated with carrion, 
carcass preference, and seasonality of necrophilous taxa.  For example, the considerably 
lower number of total specimens collected at spring alligators versus fall and winter 
alligators was likely a consequence of smaller carcasses in spring (i.e., ~6 kg versus ~13-
17 kg), and not due to uneven sampling efforts as all animals were surveyed until 
skeletonization (Tables 4.1a-b).  In addition to overall smaller biomass, alligator carrion 
attracted fewer specimens (and taxa) than the three mammal species probably because of 
structural differences (i.e., lack of hide, fur, hooves, and/or limited sinew).  Thus, the type 
and amount of animal biomass directly affected species composition and the number of 
organisms a carcass could support (Appendix E), the length of time a carcass was in each 
stage of decomposition (Appendix D, Table D.2), and the duration particular insect 
species were associated with carrion (Appendix D, Table D.1).  
 Frequency information also demonstrates faunal succession patterns throughout 
decomposition and detects potential forensically important species associated with each 
decay stage.  Fresh and bloat stages were difficult to define using frequency data given 
that no species were dominant in fresh, and only larvae of one species (C. vicina, 
Calliphoridae) was collected more during the bloat stage than another time (i.e., winter 
carrion was in an extended bloat stage due to persistent cooler temperatures, see chapter 
three).  Low species diversity for the fresh stage (26 species) was a result of two factors: 
 109
1) limited pitfall trap samples as most carcasses were in a ‘fresh’ state for less than 24 
hours; and 2) majority of carrion resources attractive to arthropods were unavailable.  
Species of the bloat stage (184 taxa) were typically all associated with later stages of 
decomposition but in higher abundances (thus, total taxa collected per stage represents 
potential species overlap).   
 Species assemblages of active, advanced, and dry stages were directly associated 
with inter and intra-species competition, attractiveness of the carrion habitat, availability 
of food and habitat resources, and development rates of necrophilous species (Table 4.5, 
Appendix D).  For example, variations in carrion freshness preference by gravid blow 
flies are known for different species.  This research supports these preferences by 
illustrating that green blow fly species (P. coeruleiviridis and P. sericata) colonize 
carcasses early (values in Table 4.5 represent mostly migrating third instar larvae); while 
adults of the hairy maggot blow fly (C. rufifacies) arrive a few-to-several days into 
decomposition, with larval masses dominating the carcass shortly thereafter (see chapter 
three).  Predator-prey interactions were also clarified since high abundances of predators 
should coincide with high prey abundances.  For example, C. maxillosus (Staphylinidae) 
and N. surinamensis (Silphidae) are predominantly predators of calliphorid larvae (active 
decay, while the smaller staphylinid, T. lira, preys on small dipteran larvae such as 
Piophilidae during advanced and dry decay.  In addition, the presence of adult and 
immature forms of certain necrophilous species were generally correlated with adjacent 
stages of decomposition (i.e., Coleoptera: O. colon (Nitidulidae): adults in advanced, 
larvae mostly dry decay; N. surinamensis (Silphidae): adults in active, larvae mostly 
advanced and dry decay; Diptera: F. scalaris (Fanniidae): adults in active and advanced, 
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larvae advanced and dry decay; H. leucostoma (Muscidae): adults in active, larvae 
advanced). 
 Recognition of novel key forensic species was not apparent.  However, frequency 
data did reiterate known species composition and interactions of traditional necrophilous 
families, and revealed regular carrion use by families of insects previously overlooked.  
For instance, the recovery of 60 species from 17 families of parasitic Hymenoptera, 
predominantly during later stages of decomposition, suggests that the interaction of these 
organisms with potential dipteran and coleopteran hosts would be a worthwhile 
investigation.  Also, placement of carcasses within the forest floor habitat appeared to 
increase the abundance of some resident taxa (i.e., scavengers of molds, fungi or other 
microorganisms growing on carcass fragments or decompositional residues; opportunistic 
predators such as ants and spiders; and taxa such as scarabaeid beetles which use 
carcasses for both shelter and food resources.  Lastly, these data contribute to new habitat 
use and distributional information for many arthropod species in Louisiana.   
 Qualitative information relating to species richness, species abundance, and 
species evenness was obtained by performing regression analysis (Proc Mixed procedure) 
on the complete data set (438 taxa).  Despite all efforts to correct all non-estimable 
results, output from Proc Mixed remained non-estimable for winter, bear, and dry stage 
of decomposition.  The average number of species collected per visit for season, animal 
type, stage of decomposition, and their interactions were determined using the non-zero 
test of Proc Mixed.  Overall, the spring season, swine carrion, and advanced decay were 
identified as having the most species collected per sampling event.  However, these 
results must be considered with caution since winter (displayed seasonal species overlap 
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with spring), bear (largest amount of biomass though only three carcasses), and dry decay 
(highest number of taxa collected according to frequency data) were not estimated. 
 Shannon’s Index depicted species diversity for the three class variables (season, 
animal type, stage, and their interactions) and produced diversity estimates for each.  
Surprisingly, the three seasons was the only variable significantly different in species 
diversity (Type III tests) despite similar diversity estimates and non-significant Tukey-
Kramer results.  Also, the only significant Tukey-Kramer pair-wise comparisons were 
associated with two seasonal interactions (i.e., season*stage and season*type*stage).  The 
fact that animal type and stage of decomposition were not significant suggests that the 
carrion habitat, irrespective of the type of (large vertebrate) carcass and stage of decay, is 
dominated by sets of common necrophilous taxa (i.e., per stage of decomposition).  
However, subtle differences in species diversity did occur for all carcass types per stage 
of decomposition per season.  These differences were potentially a product of 
independent factors such as carcass biomass differences, carnivore activity (consumption 
and data tampering of fall and winter deer carrion, see chapter three), uneven sampling 
effort or different numbers of carcasses (1 bear, 2 all other species per season).   
 Pielou’s J test illustrated how evenly taxa were represented at the carrion habitat 
in relation to season, animal type, and stage of decomposition.  As a temporary habitat 
that rapidly changes in resources, structure, and species composition, evenness would be 
expected to fluctuate with time.  The Proc Mixed procedure determined that season, 
stage, and season*type*stage exhibited significantly different species evenness.  Active 
decay is characterized by rather high abundances for a set of common necrophilous 
species (i.e., majority Calliphoridae larvae, then Muscidae and other dipteran larvae; 
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predators of fly larvae like Histeridae, Silphidae, Staphylinidae; and to a lesser degree, 
necrophagous species scavenging exposed bone, hide, or other drying tissues).  As 
expected, carcasses in this stage had the lowest species evenness.  However, season and 
animal type also contributed to the overall evenness observed at each carcass, with winter 
season appearing to influence species evenness more than other factors.             
 The bloat stage, represented by specimens collected during both fresh and bloated 
carcasses, displayed higher evenness than the three later stages of decay.  As stated 
earlier, the bloat stage represented a time period where many necrophilous species of 
active decay initially established, with most species dramatically increasing in abundance 
during active and other later stages of decay.  Thus, species communities of bloated 
carcasses would include both resident forest fauna (not yet replaced by necrophages) and 
moderate amounts of early colonizing necrophilous species.  Interestingly, the fall bear in 
active decay (0.3441) was among the carcasses with low species evenness.  This finding 
was most likely due to carcass dominance by hairy maggot blow fly larvae, C. rufifacies 
(see Chapter 3). 
 A series of multivariate and regression analyses were performed first, to condense 
huge amounts of information into a manageable, yet still biologically meaningful data set, 
and second, to test for explanatory variables such as season, animal type, stage of 
decomposition, and environmental conditions (temperature and precipitation).  Principle 
component analysis is a data reduction method that reduced the number of original 
variables (167 taxa) to a smaller, more manageable number of variables (factors).  Factor 
scores were then created for each taxon per factor by evaluating each sampling event for 
how well a factor represented that particular sample (i.e., Proc Factor condensed 
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seasonal, animal type, and decompositional information with taxa information into each 
factor).  The first twenty factors were analyzed since those of lower factor number are 
assumed to explain most of the important variation in the original 167 taxa.  
 As expected, regression analysis determined that species assemblages associated 
with the three seasons, four stages of decomposition, and four animal types were 
significantly different.  Next, we performed discriminant analyses to test which of the 
167 taxa were useful for differentiating between animal types.  Of the 50 taxa identified 
in Proc StepDisc, 26 were Coleoptera, 11 were Diptera, six were Hymenoptera, and 27 
taxa belonged to families previously regarded as forensically informative.  The above 
taxa were potentially more discriminating for alligator carrion than the three mammal 
species since a majority of these taxa were recovered in low numbers (in relation to the 
other animals) or not at all at alligator carcasses.  Many of these taxa were associated 
with later stages of decay (i.e., clerids, dermestids, species of staphylinids known to prey 
on late stage dipteran larvae, trogids, fanniid larvae, phorids, and formicids) and 
structural characteristics (i.e., scarabaeids) of bear, deer, and swine to a lesser degree.  
Lastly, the misidentification of mammal species as alligators was possibly a consequence 
of low abundance due to either uneven or compromised pitfall trap samples (rainfall or 
scavenger activity) or because species abundances for these 50 taxa were lower than 
normal.  
 Canonical discriminant analysis was performed to graphically determine if animal 
type could be distinguished, and if so, which species assemblages had discriminating 
abilities.  This statistical procedure demonstrated that alligator and bear carrion were 
more unique than deer and swine.  Subtle differences between deer and swine carcasses 
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were highlighted in canonical correlation 2.  Numerous significant taxa were identified 
for all three canonical correlations; however, a few overall trends can be extrapolated by 
using frequency data for species by animal type: 1) taxa strongly associated with bear 
(positive values in Can 1) were often present in limited numbers for deer, swine, and 
alligator; 2) species associated with deer and swine carrion were separated by positive 
and negative values, respectively (Can 2); 3) few taxa were equally or more abundant at 
alligator than any other carcass type (negative values of Can3); and 4) numerous taxa 
were represented at alligator carcasses in limited numbers or not at all (positive values of 
Can 3).      
 Canonical correlation analysis used two sets of variables to find similarities 
between the 167 taxa (variable set one) and the ‘new’ variables (set two) that contained 
information relating to season, animal type, stage of decomposition, and environmental 
data (maximum and minimum ambient temperature, cumulative precipitation).  This 
analysis was selected for two reasons: 1) to test for similarities rather than differences 
(CanDisc) among the taxa; and 2) to test for trends in faunal succession patterns 
throughout decomposition.  Trend lines created from this analysis were representations of 
daily activities (and not actual data points) of particular sets of taxa as they related to 
season, animal type, and stage of decomposition.  Therefore, these data lend themselves 
loosely to interpretation of observable time trends.  
 Species assemblages identified by these canonical correlations (VAR and WITH 
variables) were consistent with other statistical groupings regarding their associations 
with season, animal type, or stages of decay.  For example, this analysis restated which 
taxa were strongly associated with later stages of decay, irrespective of season or animal 
 115
type (W1 and W2), as well as taxa that were recognized as being more attracted to deer 
(W6 and W8) or bear (W7) carrion.  Seasonal influences of spring, fall, and winter (W4, 
W5, and W6, respectively) on succession patterns were illustrated by higher abundances 
(positive values) or by limited or no specimens collected (negative) for particular species.  
The trivial number of taxa recognized as significant for season (Appendix H, Table H.3) 
suggests that a majority of necrophilous fauna in Louisiana are active throughout much of 
the year.    
 The use of pitfall traps in this study dramatically increased our knowledge, both 
quantitatively and qualitatively, of the carrion habitat at large, and about the influences 
season, animal type, and stage of decomposition have on the necrophilous community 
more specifically.  Statistical analyses repeatedly identified alligator carrion as the most 
distinct carcass type, although species assemblages of bear carrion also regularly 
discriminated bear from the other animal types.  In addition, deer and bear carrion may 
support higher species abundance due to larger biomass and structural characteristics 
unique to these species.  Swine carcasses served as an experimental reference (and 
forensic entomology standard) against which results from the three wildlife species could 
be compared.  Overall, swine carrion was more attractive to arthropods than alligators, 
but equal or less attractive than deer and bear carrion.       
 Significant variation in species composition for the three seasons and five stages 
of decomposition was regularly supported using both multivariate and regression 
analyses.  Spring and winter seasons were usually the most observably different, while 
the later stages of decay (advanced and dry remains), and the bloat stage secondarily, 
were typically the most significantly different for species assemblages.  Taxa of the 
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winter season often overlapped with those of spring, while some spring species were 
collected in the fall, and fewer fall species were collected during the winter season.  The 
overlapping of taxa diluted the results, and illustrated that southeastern Louisiana does 
not have clearly defined seasons with discrete fauna.              
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SUCCESSION OF FORENSICALLY IMPORTANT SILPHID LARVAE ON 
LARGE CARCASSES (COLEOPERA: SILPHIDAE) 
 
Introduction 
Necrophilous insects provide useful ecological information for determining 
postmortem intervals (PMI) for both humans and wildlife (Byrd and Castner 2001).  
Numerous species of flies (i.e., Calliphoridae, Muscidae, Sarcophagidae, Stratiomyidae) 
and beetles (i.e., Cleridae, Dermestidae, Histeridae, Nitidulidae, Silphidae, Staphylinidae) 
are recognized as forensically important.  However, to date, major gaps exist in our 
understanding of natural histories of many of these species.  Carrion beetles (family 
Silphidae) are cited in forensic entomology research as providing pivotal information 
regarding insect succession and time since death (Smith 1986), yet most literature focuses 
on species belonging to the subfamily Nicrophorinae (i.e., burying beetles), and not the 
forensically more important species of Silphinae.   
Most members of Nicrophorinae specialize on small vertebrate carcasses (i.e., 
small rodents and birds). Adults are attracted to the carcass, where they mate, cooperate 
in burial, and then coat it with salivary secretions to retard decomposition. Adults feed 
the larvae regurgitated carrion during the first few hours, after which the larvae feed 
directly. Species of Nicrophorinae are not generally regarded as forensically informative 
because the larvae are not typically found on large carcasses (see Trumbo 1992 for an 
exception). Species of Silphinae, by contrast, are regular and often abundant members of 
the large carrion fauna. Larvae are opportunistic predators, especially of dipteran eggs 
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and larvae, or feed directly on the carcass, and as a group display a broader range of 
feeding habits than nicrophorines  (Ratcliffe 1996).   
Minimal and sometimes inconsistent data are published regarding larval histories 
of several silphine taxa.  Dorsey (1940) described in detail the morphology of “first 
instar” and “full-grown” larvae of six silphid species.  However, he provided no insight 
on how to distinguish individual life stages or even total instar number.  Ratcliffe (1972) 
discussed the natural history of Necrodes surinamensis (F.) in which he recognized four 
instars and provided mean sizes for each stage.  However, Anderson and Peck (1985) 
suggested that Ratcliffe’s first and second instars are actually one-in-the-same and that 
only three instars exist, a number that is consistent with most other staphylinoid beetles 
(Lawrence 1991).  Additional authors have discussed natural histories for both 
Necrophila americana (L.) (Anderson 1982, Anderson and Peck 1985, Gibbs and Stanton 
2001, Peck and Kaulbars 1987, Shubeck 1969, 1976, 1983) and Oiceoptoma  inaequale 
(F.) (Anderson 1982, Anderson and Peck 1985, Cole 1942, Gibbs and Stanton 2001, Peck 
and Kaulbars 1987, Reed 1958, Shubeck 1976, 1983), though total instar number and size 
classes for each instar were not reported. 
 The presence of silphid larvae on decomposing carcasses/corpses is of great value 
to forensic entomology.  Because immature forms are generally associated with carrion 
throughout their larval development, they can contribute more accurate information 
necessary for estimating PMI.  Practice in forensic entomology has been to report the 
presence of silphid larvae as either present/absent, immature/mature, or small/large 
(Payne 1965, Reed 1958, Rodriguez and Bass 1983, Wolff et al. 2001).  Given that 
forensic entomology relies on known developmental rates, estimates of PMI are 
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problematic when natural histories are unresolved.  As part of a broader study to integrate 
forensic entomology into wildlife law enforcement investigations, I designed an 
experiment a posteriori to improve our understanding of larval stages of three common 
Louisiana silphid species:  N. surinamensis, O. inaequale, and N. americana.  The 
objective of this study was three-fold: 1) to verify total instar number for each species; 2) 
to document size classes among instars; and 3) to illustrate frequencies of instars through 
time.    
Materials and Methods 
Larval material were collected manually and using pitfall traps from seven fresh 
vertebrate carcasses, one Louisiana black bear (Ursus americanus luteolus Griffith), two 
white-tailed deer (Odocoileus virginianus Rafinesque), two American alligators 
(Alligator mississippiensis Daudin), and two swine (Sus scrofa L.).  Carcasses were 
placed in the mixed flatwoods at Waddill Outdoor Education Center (WOEC) in East 
Baton Rouge Parish, LA on 1 April 1999.  Bear, deer, and alligator carcasses weighed the 
following at the beginning of the study: bear, ~146 kg; adult female deer (31.5 and 40.5 
kg); and juvenile alligators (each with length and weights of 0.9/5.5 and 1 m/6 kg).  The 
two swine carcasses weighed 29 and 45 kg.  Carcasses were monitored simultaneously 
throughout decomposition, with silphid larvae collected manually placed directly into 
80% ethyl alcohol while pitfall trap specimens were collected in propylene glycol, rinsed, 
and transferred to 80% ethyl alcohol for final preservation.  Sampling efforts were 
terminated at varying time intervals depending on the length of time required for each 
animal type to reach dry remains (alligator, 24 days; deer and swine, 68 days; Louisiana 
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black bear, 92 days).  Detailed site description, experimental setup, and sampling regime 
are provided in Chapter 2, and pitfall trap design and protocol in Chapter 4.   
For consistency, the larval measurements included those used by both Dorsey 
(1940) and Ratcliffe (1972).  These five measurements were: maximum cranial width; 
distance between dorsal stemmata; maximum pronotal width; maximum metanotal width; 
and total body length (anterior margin of clypeus to tip of tenth abdominal segment).  All 
measurements were made with digital calipers under a dissecting microscope (Mitutoyo® 
Absolute Digimatic calipers).  The accuracy of this equipment as determined by the 
manufacturer is +/- 0.02 mm.   
Three measurements were used for statistical analysis: distance between dorsal 
stemmata (‘cranium’); maximum pronotal width (‘pronotum’); and total body length 
(‘length’).  Maximum cranial width and metanotal width were used to confirm the instars 
reported by Dorsey (1940).  The practical application of using these larval measurements 
for instar identification was compared with total body length, the most commonly used 
forensic parameter.  To accomplish this we plotted distance between dorsal stemmata and 
maximum pronotal width for N. surinamensis larvae against total body length. 
All larvae collected for both N. americana and O. inaequale from the seven 
animal carcasses were measured.  However, due to the large number of N. surinamensis 
larvae collected (N=1859), larvae from only five animal carcasses were measured.  One 
bear and white-tailed deer carcass were excluded.  Measured larvae are vouchered in the 
Louisiana State Arthropod Museum, Baton Rouge, LA.  
 Total instar number for each species was determined using principle component 
analysis (Proc Factor) with results verified using two discriminant analyses (Proc 
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Stepdisc and Proc Discrim, SAS Institute 1999).  Proc Stepdisc was performed to 
determine the variables of discriminating power (i.e., three measurement variables 
(‘cranium’, ‘pronotum’, and ‘length’), plus Day of Decomposition (‘day’)) followed by 
the Proc Discrim procedure to analyze the accuracy of the identified variables for 
classifying instar stage.   
Results 
 The number of larval instars and size classes per instar were identified for all 
three species.  There were 316 N. surinamensis, 80 O. inaequale, and 13 N. americana 
larvae available for analysis.  An additional 218 N. surinamensis larvae were measured 
(collected from bear and white-tailed deer carrion), also indicating three larval stages.  
However, they were not added to the final analysis because different equipment was used 
with lesser degrees of accuracy (i.e., Vernier calipers and an ocular micrometer).   
 Multivariate analysis using Proc Factor identified three larval stages for N. 
surinamensis and O. inaequale (Fig. 5.1), and suggested three instars for N. americana 
(data not presented due to limited material (N=13).  In addition, scree plots for all three 
species identified that the majority of variance was explained by the first principal 
component.  Stepwise discriminant analysis (Proc Stepdisc) selected subsets of variables 
useful in discriminating between three instar classes for each species.  Three variables 
were identified as significant (F-test, α=0.05) for both N. surinamensis and O. inaequale.  
The variables found to have discriminating power for these species were: N. 
surinamensis: cranium (Partial R2=0.9753), day (0.1747), and pronotum (0.0814); O. 















































































































































































Figure 5.1.  Biplots of the first two principle components for (A) Necrodes surinamensis 
and (B) Oiceoptoma inaequale larvae.  Three larval instars were identified for each 
species.  The three instars correspond to the numbers on the biplots (1, 2, 3). 
 
Lastly, the reliability of these selected variables to accurately identify instar stage 
was tested using the Proc Discrim procedure.  This analysis determined that 100 % of the 
observations (i.e., total number of specimens per species) were accurately classified into 
instar stage for both species.  Measurement ranges and 95 % confidence limits were 
established for N. surinamensis and O. inaequale for the three larval measurements 
(Tables 5.1-5.2).  Due to limited larval material of N. americana (N=13), including only 
one specimen representing third instar larvae, only measurement ranges are presented 
(Table 5.3).    
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Table 5.1.  Range and 95% confidence limits for body measurements of each larval instar 
of Necrodes surinamensis.   
Instar N Distance between dorsal stemmata (mm) 
Maximum pronotal width 
(mm) Total body length (mm) 
1st 150 0.87-1.09 1.70-2.14 4.25-10.38 
  1.000 +/- 0.007 1.929 +/- 0.014 7.909 +/- 0.208 
     
2nd 122 1.30-1.60 2.53-3.25 7.48-16.46 
  1.454 +/- 0.010 2.853 +/- 0.025 12.958 +/- 0.299 
     
3rd 44 1.78-2.07 3.52-4.50 11.85-21.94 
    1.948 +/- 0.023 3.983 +/- 0.064 18.513 +/- 0.628 
 
Table 5.2.  Range and 95% confidence limits for body measurements of each larval instar 
of Oiceoptoma inaequale.   
Instar N Distance between dorsal stemmata (mm) 
Maximum pronotal width 
(mm) Total body length (mm) 
1st 33 0.95-1.08 2.29-2.70 5.48-8.60 
  1.027 +/- 0.006 2.474 +/- 0.017 6.857 +/- 0.149 
     
2nd 30 1.28-1.51 3.18-4.09 7.77-14.12 
  1.374 +/- 0.011 3.583 +/- 0.043 10.659 +/- 0.288 
     
3rd 17 1.66-1.79 4.20-5.18 11.78-16.68 
    1.689 +/- 0.011 4.721 +/- 0.065 14.751 +/- 0.313 
 
Table 5.3.  Range for body measurements of each larval instar of Necrophila americana.   
Instar N Distance between dorsal stemmata Maximum pronotal width Total body length 
1st 6 1.61 - 1.71 3.28 - 3.46 10.75 - 14.96 
     
2nd 6 2.07 - 2.21 4.38 - 4.84 13.14 - 21.00 
     
3rd 1 2.84 6.13 23.28 
 
In order to illustrate the duration that each larval stage was associated with 
carrion, a plot was created of the data set containing the largest number of larvae 
collected per animal carcass.  Relative frequency of all N. surinamensis larvae collected 
at a single white-tailed deer carcass (N=259) is presented in Figure 5.2A.  The following 
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Figure 5.2.  Frequency distributions for Necrodes surinamensis and Oiceoptoma 
inaequale.  (A) N. surinamensis larvae (N = 259) collected at a single white-tailed deer 
carcass; (B) pooled N. surinamensis larvae (N=534) collected at seven wildlife carcasses; 




and third instar for three or more days.  In addition, gravid females may have laid eggs 
for a period of six to seven days given that first instars were collected for seven days, and 
both second and third instars were collected for six days each.  Sufficient specimens of O. 
inaequale were not obtained from a single carcass (1<N<27) to provide a comparative 
data set. 
All specimens of N. surinamensis (N=534) and O. inaequale larvae (N=80) were 
also pooled to provide an overall frequency of these species collected at all seven 
carcasses.  The duration of N. surinamensis larvae across all carcass types was (Fig. 
5.2B): first instars for 12 days (Days 9-20); second instars for 10 days (Days 10-19); and 
third instars for 11 days (Days 12-22).  Duration of O. inaequale larvae across all carcass 
types was (Fig. 5.2C): first instars for 13 days (Days 7-19); second instars for 13 days 
(Days 8-20); and third instars for 16 days (Days 11-26).   
The variation in body length was greater than either the variation of the distance 
between dorsal stemmata or maximum pronotal width for both N. surinamensis and O. 
inaequale (Tables 5.1-5.2).  This variation resulted in overlapping body length values as 
demonstrated for N. surinamensis larvae (N=316) (Fig. 5.3). 
Discussion 
The purpose of this study was to provide morphological information and 
statistical analyses to establish distinct instar stages and size classes.  The three larval 
measurements (i.e., distance between dorsal stemmata, maximum pronotal width, and 
total body length) used to determine instar classes were specifically selected for analysis 
for three reasons: 1) to reproduce Ratcliffe’s results for N. surinamensis; 2) to establish a 
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Figure 3.  Relationship among three larval measurements “distance between dorsal 
stemmata”; “maximum pronotal width”; and “total body length” for Necrodes 
surinamensis larvae (N = 316).   
 
sclerotized structures (i.e. cranium) are generally more accurate, thus providing 
consistent instar determination (Dyar 1890).   
Three instar stages were determined using multivariate and discriminant analyses 
for N. surinamensis and O. inaequale.  Variables identified as significant in the Stepwise 
discriminant analysis were entered into the model, beginning with the variable that 
contributed the most discriminating power and ending when no additional variables were 
significant.  Measurement variable ‘cranium’ (i.e., distance between dorsal stemmata) 
was consistently identified as the most reliable variable for establishing instar stage for 
each silphid species (preliminary analysis of N. americana also identified cranium 
(Partial R2=0.9855) as most discriminating).  Variable ‘pronotum’ (i.e., maximum 
pronotal width) was the second most significant variable for both O. inaequale and N. 
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americana (preliminary data, pronotum (Partial R2=0.5365), yet the third most significant 
for N. surinamensis.   
Interestingly, variable ‘day’ was identified as more discriminating than both 
‘pronotum’ and ‘length’ (variable not found to be significant) for N. surinamensis larvae.  
This was likely a result of several factors: 1) arrival and duration of adult N. surinamensis 
associated with large carrion in Louisiana is fairly predictable; 2) development rates of 
necrophilous species such as N. surimanensis tend to be rapid and consistent; and 3) 
uniformly warm months in Louisiana favor predictable life histories.  Thus, considering 
the large sample size (N=316), that ‘day’ (or ‘Day of decomposition’) was found to be 
more informative than two larval measurements is not surprising. 
Total body length was identified as having discriminating power for one species, 
O. inaequale.  This potentially was the result of three factors: 1) Oiceoptoma inaequale is 
a more robust species with less total body length variation (Table 5.2); 2) greater 
variation in length for N. surinamensis (Table 5.1); and 3) low sample size for N. 
americana (N=13).  However, a consensus on variable significance likely could be 
attained if additional analyses were conducted using sufficiently large and equal sample 
sizes for the three species. 
Excluding Dorsey’s (1940) description of thirty “full-grown larvae” and forty 
“immature larvae,” no published data regarding larval size classes for O. inaequale are 
known to us.  Ratcliffe (1972) presented range and mean values for four instars of N. 
surinamensis.  As indicated by Anderson and Peck (1985), N. surinamensis has three 
larval instars and Ratcliffe’s first and second instars were actually a single instar (i.e., 
Ratcliffe’s first and second instars measured: 0.9 and 1.1 mm distance between dorsal 
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stemmata; 1.9 and 1.8 mm maximum pronotal width; and 5.7 and 7.3 mm total body 
length).  The slight variations noted in these two data sets likely resulted from varying 
sample size, use of different equipment, and/or larval preservation techniques.  The 
establishment of reliable size classes for these two species, along with known 
developmental rates, will be a valuable contribution to forensic entomology and the 
estimation of time since death. 
 Necrophilia americana was not regularly collected at the seven animal carcasses.  
However, this species was the only one collected after Day 22 (i.e., larvae of N. 
americana were collected on Days 14, 19, 24, 26, 36, 41, and 47).  Anderson (1982) 
reported that larvae of N. americana were collected at carrion later than other species 
during southern Ontario experiments.  In addition, the life cycle of N. americana was 
estimated to take 10-12 weeks from egg to adult in Ontario, while Ratcliffe (1972) stated 
that the life cycle of N. surinamensis was approximately 25-41 days in Nebraska.  The 
small sample size available in this study does not lend itself for conclusive statistical 
analyses, but the collection of N. americana larvae during later stages of decomposition 
is consistent with Anderson’s and Ratcliffe’s observations.  The suggested three instar 
size ranges (Table 5.3) for this species are not intended to be authoritative for instar 
determination but may serve as a comparison for future N. americana studies.       
Development rates for the three silphid species cannot be explicitly defined due to 
the nature of the study design; however, the transition of larval stages through time is 
illustrated using frequency data (Figs. 5.2A-C).  The developmental rates for N. 
surinamensis reported by Ratcliffe (1972) overlap our observed frequencies (Fig. 5.2A) 
as follows: Ratcliffe’s “first” and “second instars” for 24 hours each (i.e., first instar); 
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“third instar” for two to three days (i.e., second instar); and “fourth instar” for three to 
five days (i.e., third instar).  Ratcliffe also stated that adults were present on carrion for 
one to seven days and that eggs would hatch within two to four days, both of which are 
consistent with the data presented here.   
The pooled frequency data presented for N. surinamensis (Fig. 5.2B) and O. 
inaequale (Fig. 5.2C) suggest generalized durations for the three instars.  Interpretation of 
developmental rates based on pooled data is problematic, thus our observations are 
intended to document overall periods of association on large carcasses.  These reported 
durations may be exaggerated for a particular animal species as a consequence of pooling 
the data. 
Correct identification of larval instar is pivotal in estimation of postmortem 
intervals.  In forensic entomology, silphid larvae are often referred to as either 
immature/mature larvae (sensu Dorsey 1940), and these distinctions were presumably 
determined by comparing total body lengths (i.e., Reed 1958).  This approach to 
estimating the age of silphid larvae can result in serious inaccuracies when determining 
postmortem intervals.  For example, body length was demonstrated to be more variable 
than cranial or pronotal measurements.  Thus, relying only on body length for instar 
determination could produce incorrect age estimations. 
I have provided silphid larval data that will allow identification of discrete size 
classes that are indicative of instars for N. surinamensis and O. inaequale.  Larval 
measurements associated with the cranium or other sclerotized regions such as those used 
in this study were more reliable than total body length.  Also, the size class distinctions 
provided here for the three larval instars of N. surinamensis, O. inaequale, and N. 
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americana will aid in future estimations of larval age, and ultimately, aid in the 
establishment of postmortem intervals.   
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 To my knowledge, this is the first wildlife carrion study focusing on species 
composition and succession of necrophilous insects conducted specifically for the 
purpose of using entomological evidence to incriminate poachers in the southeastern 
United States.  Results from this research will provide entomologists, carrion ecologists, 
and wildlife law enforcement with valuable information regarding carrion community 
structure and species interactions associated with large vertebrate species.   
 The use of adult carcasses is necessary to fully depict faunal succession patterns 
and decompositional time lines associated with large vertebrate carrion.  All mammals of 
this study were representative of adult wildlife, with the exception of the spring 
alligators.  Rates of decomposition varied per season, animal type, and individual 
carcasses due to several factors: ambient temperature, amount and type of animal 
biomass, carnivore activity, and availability of sufficient insect species to colonize a 
carcass (i.e., cooler winter temperatures reduced arthropod activity and abundances).  
However, all wildlife species decomposed similarly by undergoing five observable stages 
of decomposition.  The amount of carcass biomass and animal species directly affected 
the availability of food and shelter resources, and influenced the types of organisms 
attracted to the carrion and the duration of residence at the carcass.  The most obvious 
differences between animal types were related to structural differences of the 
poikilothermic (alligator) and homeothermic (bear, deer, swine) species.   
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 Although no major group of necrophilous taxa completely avoided a particular 
animal type, alligator carrion regularly attracted fewer specimens and/or species from a 
given necrophilous family.  For example, insect species typically associated with later 
stages of decay were either absent or present in limited numbers at the alligators.  Such 
species use dried tissues (sinew, hide, fur, bone, hooves) as food and/or shelter which are 
limited at alligator carcasses.  Alligator skin becomes wafer-thin and peels away in 
pieces, and bones scatter resulting in a rapid decline in habitat quality and food 
availability.  Black bear and deer carcasses displayed longer active and advanced decay 
stages than swine and alligators, likely due to the presence of hides and fur which 
sheltered the more moist tissues and decompositional fluids from direct sunlight.  As a 
result, these softer tissues remained attractive and supported more insect species for 
longer time periods during active and advanced decay.   
 Gravid calliphorid flies appeared to be generally impartial to carcass type, despite 
observations of delayed oviposition at alligator carrion.  Furthermore, cooler winter 
temperatures delayed initial colonization of blow fly larvae and dramatically prolonged 
the earlier stages of decomposition and establishment of necrophilous communities at all 
carcasses.  As an experimental reference, swine carcasses provided vital information 
required to identify differences and unique characteristics of each wildlife species.  Data 
obtained from all four animal types strengthen our understanding of necrophilous 
communities in Louisiana and aid in increasing our accuracy of estimating postmortem 
intervals of human deaths.  For instance, manually sampled data discussed in Chapters 2 
and 3, pitfall trap data in Chapter 4, and Silphidae life history in Chapter 5, reinforces 
current literature and contributes additional information on forensically important taxa.    
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This research was accomplished using two sampling methods: manual sampling 
of the carcass and surrounding area, and pitfall trapping for continuous surveillance of 
arthropod activity adjacent to the animal carcasses.  Manual sampling is critical since it is 
the most widely used method in both carrion ecology and forensic entomology studies.  
In addition, entomological evidence collected at human and wildlife deaths are, and will 
continue to be, most often recovered manually.  Manual sampling provided qualitative 
observational data regarding decomposition and species interactions throughout these 
stages that would not necessarily be revealed using pitfall traps alone.  However, sole 
reliance on manual sampling techniques for complete understanding of the carrion habitat 
can be problematic. 
 Pitfall traps provided robust data suitable for both qualitative and quantitative 
analyses (451,036 specimens).  The use of these traps greatly increased our knowledge of 
the carrion habitat by providing a more holistic view of the carrion community, including 
identifying new distributional data and habitat use for insect species previously not 
regarded as ‘necrophilous’.  These taxa included several parasitoid families represented 
by numerous species, fungivorous species, and taxa formerly viewed as occasionally 
necrophilous.  Arthropod collections made by pitfall trapping, on average, supplied more 
information about species diversity, total abundances, and succession patterns than 
manual collections.  This additional information was likely due to continual surveying of 
insect activity rather than monitoring a carcass for a discrete time period.  For example, 
the overall number of species collected manually versus pitfall trapping for the three 
seasons varied considerably (Table 6.1).  Despite the different sampling efficiencies, both 
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sampling methods were necessary to provide a more accurate representation the carrion 
habitat. 
 
Table 6.1.  Total number of species and unique species collected by two sampling 
methods at seven fresh animal carcasses per seasonal study. 
Season Manual sampling Pitfall traps 
Species 95 384 Spring 
Unique species 26 123 
Species 91 258 Fall 
Unique species 15 23 
Species 97 236 Winter 
Unique species 18 17 
 
 Two important objectives were accomplished that have direct relevance to 
practical applications in forensic entomology: 1) establishment of baseline information on 
wildlife carrion and the necrophilous taxa associated with three wildlife species in 
Louisiana; and 2) application of this knowledge to wildlife postmortem interval 
estimations.  Knowledge gained from this research can be further enhanced by 
conducting additional studies to increase total replicates of Louisiana black bear, white-
tailed deer, and American alligators in the flatwoods of Waddill Outdoor Education 
Center.  Similar research should be performed in additional habitats and localities 
associated with these wildlife species (i.e., aquatic environments of the Atchafalaya Basin 
for alligators), on dressed-versus-undressed carcasses (i.e., gutted deer carrion), and on 
other animal species of poaching concern (i.e., wild turkey, waterfowl).  I provided life 
history information for three carrion beetle species (Silphidae), yet similar studies are 
required for additional silphid species and key forensic beetle families like Cleridae, 
Dermestidae, Histeridae, Nitidulidae, and Staphylinidae.  Furthermore, a summer season 
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representation should be conducted in these same habitats to fully understand how 
seasons affect the rates of carcass decay, development rates, species composition, and 
succession patterns of necrophilous insects.  Lastly, research objectives should include 
studying the long term effects decomposing vertebrate carcasses have on the resident 
entomofauna, especially the affected soil communities, long after the necrophilous 







CHECKLIST OF TAXA 
 
 Complete list of fauna collected from all four animal types using manual and 
pitfall trap techniques during spring and fall 1999, and winter 2000. 
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Table A.1.  List of fauna collected at animal carrion using manual and pitfall trap 
techniques in East Baton Rouge Parish, LA in spring and fall 1999, and winter 2000. 
Order Family Species Season Collection method 
INSECTA  
Collembola Entomobryidae  sp, f, w m, pt 
 Hypogastruridae  sp, f, w m, pt 
 Sminthuridae  sp, f, w m, pt 
Microcoryphia Machillidae  sp, f pt 
 Meinertellidae   sp pt 
Orthoptera Acrididae  sp pt 
 Gryllacrididae Rhaphidophorinae  sp, f, w pt 
 Gryllidae Nemobiinae  sp pt 
 Tetrigidae  sp pt 
Blattaria Blattidae Blatta orientalis L. sp, f m, pt 
  Periplaneta americana (L.)   sp pt 
  Periplaneta brunnea Burmeister   sp pt 
 Blattellidae Parcoblatta pennsylvanica (De Geer) sp m, pt 
  Parcoblatta spp. (2) sp, f, w pt 
  Parcoblatta spp. (3) sp, f, w pt 
  Parcoblatta spp. (4) sp, f pt 
Isoptera Rhinotermitidae  sp, w pt 
Dermaptera Labiidae  w pt 
Psocoptera Psocidae  sp, f pt 
Embiidina Teratembiidae  sp, f pt 
Hemiptera Aradidae  f,sp, w pt 
 Cydnidae  sp, f pt 
 Lygaeidae  sp, pt 
 Nabidae  sp pt 
 Reduviidae Melanolestes picipes (Herrich-Schaeffer) sp, f, w m, pt 
 Saldidae  sp pt 
Homoptera Aphididae  sp, f, w pt 
 Fulgoridae  f, w pt 
Thysanoptera Phlaeothripidae  sp, f, w pt 
 Thripidae  sp, f, w pt 
Neuroptera Ascalaphidae  w pt 
 Coniopterygidae  f pt 
 Hemerobiidae  sp, f pt 
Coleoptera Anobiidae Caenocara sp.   f pt 
  anobiid morph 2 sp pt 
 Anthicidae  sp pt 
 Anthribidae  sp pt 
 Biphyllidae Diplocoelus rudis LeConte sp pt 
 Bostrichidae  sp, f pt 
 Cantharidae Unidentified w m 
 Carabidae Clivina dentipes Dejean sp, f pt 
(table A.1 continued) 
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  Clivina (Paraclivina) bipustulata (F.) sp pt 
  Calosoma scrutator (F.) sp m, pt  
  Chlaenius erythropus Germar sp, f, w m, pt 
  Galerita sp.  sp, f, w m, pt 
  Pterostichus sculptus LeConte   f, w pt 
  Scarites subterraneus F. sp, f pt 
  2 carabid morphs f, w m 
 Chrysomelidae Alticinae   sp pt 
  Eumolpinae sp m 
 Cicindelidae Cincindela sexguttata F. sp, f, w m, pt 
 Ciidae            Cis sp. sp pt 
 Cleridae Necrobia ruficollis (F.)   sp, f, w m, pt 
  Necrobia rufipes (DeGeer)   sp, f, w m, pt 
 Corylophidae Arthrolips sp. (or Clypastraea)  sp, f m, pt 
  corylophid morph 2 sp pt 
 Cryptophagidae Atomaria sp.    sp, w pt 
  Cryptophagus sp. sp pt 
  Curelius sp. f pt 
 Curculionidae 4 curculionid morphs sp, f, w pt 
 Dermestidae Dermestes caninus Germar    sp, f, w m, pt 
 Dytiscidae Copelatus glyphicus (Say) sp, f, w m, pt 
  Thermonectus basillaris Harris sp pt 
 Elateridae Conoderus bellus (Say) sp m 
 Endomychidae Opadina sp. sp pt 
 Erotylidae Triplax sp.   f pt 
 Geotrupidae Geotrupes blackburnii excrementi Say f, w m, pt 
  Geotrupes splendidus (F.) sp, f, w m, pt 
 Histeridae Euspilotus assimilis (Paykull) sp, f, w m, pt 
    Saprininae Euspilotus auctus (Schmidt)    f, sp  pt 
  Euspilotus azurescens (Marseul)  sp, f ,w m, pt 
  Euspilotus rossi Wenzel sp pt 
  Euspilotus simulatus (Blatchtley)   sp, f, w m, pt 
    Histerinae Hister abbreviatus (F.) sp, f, w m, pt 
  Hister coenosus Erichson sp, f m, pt 
  Hister depurator Say sp, f, w m, pt 
  Phelister vernus (Say) sp pt 
  Platysoma leconti Marseul sp pt 
    Onthophilinae Onthophilus deflectus Horn   f, w pt 
    Tribalinae Epierus pulicarius Erichson  sp pt 
    Dendrophilinae Carcinops pumilio (Erichson)  sp, w pt 
  Paromalus seminulum Erichson  sp, w pt 
    Abraeinae Aeletes politus (LeConte)  sp, w pt 
 Hydraenidae Hydraena sp.  sp pt 
 Hydrophilidae Cercyon c. floridanus Horn  sp, w m, pt 
(table A.1 continued) 
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  Cercyon c. variegatus Sharp  sp, f m, pt 
  Cercyon c. versicolor Smetana sp, w m, pt 
  Cryptopleurum americanum Horn sp pt 
  Oosternum sp.   f pt 
  Pemelus costatus LeConte   sp pt 
 Lampyridae Photinus sp. sp m, pt 
 Latridiidae Melanophthalma (Melanophthalma) sp.  sp, w pt 
 Leiodidae Catops simplex Say sp, f, w m, pt 
       Cholevinae Prionochaeta opaca (Say) sp, f, w m, pt 
  Colenis impunctata LeConte  sp, f, w m, pt 
 Mordellidae  sp m 
 Nitidulidae Omosita colon (L.)  sp, f, w m, pt 
  Pallodes pallidus Beauvois sp pt 
  Epurea luteola (Erichson) f m 
  Phenolia p. grossa (F.)  sp pt 
  Carpophilus freemani Dobson sp pt 
  Carpophilus dimidiatus F. sp, f pt 
  Stelidota geminata Say sp, f, w pt 
  Stelidota octomaculata Say sp, f, w pt 
 Phalacridae  sp pt 
 Ptiliidae Acrotrichis sp.  sp, f, w pt 
  Nephanes sp.  sp, f, w m, pt 
 Ptilodactylidae  sp pt 
 Rhizophagidae Monotoma fulvipes Melsheimer  sp, f, w m, pt 
 Scarabaeidae Deltochilum gibbosum gibbosum (F.)   sp, f m, pt 
    Scarabaeinae Onthophagus gazella F. f pt 
  Onthophagus hecate hecate (Panzer) sp, f, w m, pt 
  Onthophagus s. floridanus Blatchley sp pt 
  Onthophagus s. striatulus (Beauvois) f m, pt 
  Onthophagus taurus Schreber   sp, f pt 
  Onthophagus orpheus pseudopheus Howden sp m 
  Dichotomius carolinus (L.)  sp, f pt 
  Pseudocanthon perplexus (LeConte)  sp, f m, pt 
  Ateuchus histeroides Weber sp, f, w m, pt 
  Copris minutus (Drury)  sp, f, w m, pt 
  Phanaeus p. triangularis (Say)  sp pt 
    Aphodiinae Aphodius rusicola Melsheimer sp, w m, pt 
  Aphodius rubeolus Beauvois sp, f, w pt 
  Aphodius bicolor Say  sp, f, w m, pt 
  Aphodius stercorosus Melsheimer sp pt 
  Ataenius platensis (Blanchard) sp, f, w m, pt 
    Rutelinae Anomala innuba (F.) sp m  
    Melolonthinae Phyllophaga bilobatata Saylor sp  m 
 Scirtidae  sp pt 
 Scolytidae  sp pt 
(table A.1 continued) 
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 Scydmaenidae Euconnus (Scopophus) sp.  sp, w pt 
 Silphidae Oiceoptoma inaequale (F.)  sp, f, w m, pt 
  Oiceoptoma rugulosum Portevin f, w m, pt 
  Necrophila americana (L.)  sp, f, w m, pt 
  Necrodes surinamensis (F.)  sp, f, w m, pt 
  Nicrophorus pustulatus Hersch sp pt 
 Silvanidae Ahasverus rectus LeConte sp, f, w pt 
  Silvanus muticus Sharp sp, w pt 
 Staphylinidae Creophilus maxillosus (L.)  sp, f, w m, pt 
    Staphylininae Ontholestes cingulatus (Gravenhorst)  f, w pt 
  Platydracus fossator (Gravenhorst)  sp pt 
  Platydracus maculosus Gravenhorst sp, f, w m, pt 
  Platydracus exulans (Erichson) sp, w m, pt 
  Quedius capucinus (Gravenhorst)  sp, f, w m, pt 
  Quedius (Rhaphirus)sp.  w m 
  Philonthus sp.2 sp pt 
  Philonthus sp.3 f pt 
  Philonthus umbrinus (Gravenhorst) sp, f, w m, pt 
  Belonchus rufipennis (F.) f, w m 
  Staphylininae larvae (several morphs) sp, f, w pt 
    Aleocharinae Aleochara lata Gravenhorst sp, f, w m, pt 
  Aleochara lustrica Say sp, f, w m, pt 
  Thamiaraea lira Hoebbe sp, f, w m, pt 
    Falagriini Aleodorus sp.   sp, f, w pt 
    Oxytelinae Anotylus insignitus Gravenhorst sp, f, w m, pt 
  Anotylus sp. 2 sp, f, w m, pt 
  Oxytelus convergens LeConte  sp, f, w m, pt 
  Oxytelus pennsylvanicus Erichson sp, f m, pt 
  Oxytelus sculptus Gravenhorst sp, f, w m, pt 
    Proteininae Megarthrus sp.  f, w m, pt 
  Proteinus sp. w m 
    Tachyporinae Coproporus sp.  sp, w pt 
  Ischnosoma sp. sp, f, w m, pt 
  Nitidotachinus sp. sp, f, w pt 
  Sepedophilus sp.   sp, f m, pt 
  Tachinus axillaris Erichson sp, f, w m, pt 
    Paederinae Astenus sp. sp pt 
  Eustilicus sp.   sp, f, w pt 
  Orus sp.    sp, f m, pt 
  Rugilus sp. sp, f, w m, pt 
  Paederus sp. sp pt 
  Palaminus sp. sp, f pt 
    Scaphidiinae Baeocera sp.  sp, w pt 
  Scaphisoma sp. sp pt 
    Osoriinae Thoracophorus costalis  sp pt 
(table A.1 continued) 
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  Osoriinae larvae sp, f, w pt 
    Euaesthetinae Stictocranius puncticeps LeConte sp, w pt 
  Group 3 staphylinid larvae sp, f, w m, pt 
  Group 4 staphylinid larvae f, w m, pt 
  Group 5 staphylinid larvae w pt 
 Pselaphidae Biblioplectus sp. w pt 
 Tenebrionidae Opatrinus minimus (Beauv.)  sp pt 
  Poecilorypticus formicophilus Gebien     sp pt 
  Platydema erythrocerum LeConte and Brulli   sp pt 
  Xylopinus saperdioides (Olivier)  sp pt 
 Trogidae Trox punctatus Germar sp, f, w m, pt 
  Trox suberosus F. sp, f, w m, pt 
  Trox foveicollis Harold sp, f, w pt 
  Trox variolatus Melsheimer   sp, w pt 
  Trox unistriatus Beauvois    w pt 
Diptera Asilidae Laphria macquarti (Banks) sp m 
 Asteiidae Loewimyia sp. sp  m 
 Bibionidae Plecia nearctica Hardy sp m, pt 
  Dilophus sp.  sp pt 
 Bombyliidae  f pt 
 Calliphoridae Calliphora vicina Robineau-Desvoidy w m, pt 
  Chrysomya rufifaces (Macquart)  sp, f, w m, pt 
  Cochliomyia macellaria (F.) sp, f, w m, pt 
  Cynomya cadeverina (Robineau-Desvoidy) w m  
  Phormia regina (Meigen)  sp, f, w m, pt 
  Phaenicia coeruleiviridis (Macquart) sp, f, w m, pt 
  Phaenicia cuprina (Hall) sp m, pt 
  Phaenicia eximia (Wied.) w m 
  Phaenicia sericata (Meigen)   sp, f, w m, pt 
 Cecidomyiidae  sp, f, w pt 
 Ceratopogonidae  sp pt 
 Chironomidae  sp, f, w pt 
 Dolichopodidae Diaphorus sp. sp m, pt 
 Drosophilidae Chadochaeta sp. f, w m 
  Scaptomyza sp. sp, f, w m, pt 
 Empididae Stilpon limitaris Cumming   sp, f, w m, pt 
    Tachydrominae Drapetis sp.  sp, f pt 
  Tachypeza sp. sp, f m, pt 
    Hemerodrominae Oedalea sp.  sp pt 
 Fanniidae Fannia canicularis (L.) sp, f, w m, pt 
  Fannia scalaris F. sp, f, w m, pt 
 Hippoboscidae Lipoptena cervi (L.) sp, w m, pt 
 Micropezidae Calobatina geometra (Robineau-Desvoidy) sp m, pt 
  Rainieria antennaepes (Say) sp, w m, pt 
 Muscidae Graphiomyia sp. sp, f, w m 
(table A.1 continued) 
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  Hydrotaea dentipes (F.)  sp, f, w m, pt 
  Hydrotaea leucostoma (Wied.) sp, f, w m, pt 
  Phaonia sp. sp m 
  Potamia sp. w m 
  Tricops sp. sp m 
 Mycetophilidae   sp, f, w m, pt 
 Oestridae Gastrophilus sp. f m 
 Otitidae Euxesta sp. sp, w m, pt 
 Phoridae Conicera hypocerina barberi Malloch sp, f, w pt 
    Phorinae  Diplonevra sp.    sp pt 
  Dohrniphora sp. sp, f, w m, pt 
    Metopininae  Puliciphora sp.  sp, f, w m, pt 
  Pericyclocera catta Melander and Brues  sp, f, w pt 
  Pericyclocera floricola Borgmeier sp, f, w m, pt 
  Gymnophora sp. sp, f, w m, pt 
  Megaselia (Megaselia) sp. 1  sp, f, w m, pt 
  Megaselia (Megaselia) sp. 2 sp, f, w pt 
  Megaselia (Megaselia) sp. 3 sp, f pt 
  Megaselia (Megaselia) sp. 4 sp, f pt 
  Megaselia (Megaselia) sp. 5 w pt 
  Metopina subarcuata Borgmeier  f, w pt 
  Woodiphora magnipalpis Aldrich sp pt 
  Acontistoptera melanderi Brues sp, f, w pt 
  Apocephalus mesophora borealis   sp, f pt 
  Phoridae larvae sp, f, w pt 
 Piophilidae Allopiophila luteata McAlpine   sp pt 
  Boreopiophila tomentosa Frey sp pt 
  Lasiopiophila pilosa (Staeger) sp pt 
  Mycetaulus bipunctata (Fallen)  sp, f, w m, pt 
  Piophila casei (L.)   sp, f, w m, pt 
  Prochyliza xanthostoma Walker sp, f, w m, pt 
  Stearibia nigriceps Meigen  sp, f, w m, pt 
 Platypezidae  sp pt 
 Psychodidae Telmatoscopus superbus (Banks) sp, f, w pt 
  Threticus sp. sp, f, w pt 
 Sarcophagidae Argoravinia rufiventris Wiedemann sp m, pt 
  Blaesoxipha (Servaisia) sp. sp, f, w m 
 Scaptopsidae  w pt 
 Scathophagidae Scathophaga sp.  w pt 
 Sciaridae Scatopsciara sp. (2 morphs)  sp, f, w m, pt 
  Bradysia sp. (3 morphs)  sp, f m, pt 
  Metangela sp.  sp pt 
  Corynoptera sp. sp pt 
  Pseudosciara sp. sp pt 
 Sciomyzidae Pherbella sp. w pt 
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 Sepsidae Meroplius stercorarius (Robineau-Desvoidy)  sp, f, w m, pt 
  Sepsis vicaria Walker  sp, f, w m, pt 
 Sphaeroceridae Apteromyia sp.  w pt 
    Limosininae Bromeloecia sp.  sp, f pt 
  Coproica acutangula  sp, w pt 
  Coproica sp. 2  (represented by 2 taxa) sp, f, w m, pt 
     C. hirticula &/or C. mitchelli   
  Leptocera caenosa (Rondani) sp, f, w m, pt 
  Leptocera (Pteremis) sp.  (rep. by 4 taxa) sp, f, w m, pt 
     Bitheca agarica Marshall   
     Telomerina flavipes Meigen   
     Telomerina cana Marshall & Rohacek   
     Rudolfina sp. ("exuberata")   
  Leptocera (Raphispoda) sp. w pt 
  Pterogramma palliceps Johnson sp, f, w m, pt 
  Poecilosomella angulata (Thomson) sp, f pt 
  Rudolfia sp. w pt 
  Spinilimosina brevicosta (Duda) w pt 
    Sphaerocerinae Mesosphaerocera annulicornis (Malloch)   sp, f pt 
  Parasphaerocera nigrifemur Malloch sp, f, w pt 
  Sphaerocera curvipes Latreille sp pt 
    Copromyzinae Copromyza sp.   w pt 
 Stratiomyidae Hermetia illucens (L.) sp, f, w m, pt 
  Sargus (Sargus) sp. w m 
 Syrphidae Milesia virginiensis (Drury) sp, f m 
  Somula mississippiensis Hull sp  m 
 Tipulidae  sp, w pt 
Trichoptera Hydropsychidae  sp, f, w pt 
Lepidoptera Lasiocampidae  sp m 
 Lycaenidae  sp pt 
 Nymphalidae Basilarchia arthemis (Drury) sp, w m 
  Polygonia interrogationis (F.) sp, w m 
 Saturniidae Hemileuca maia Drury sp m, pt 
 Sphingidae  sp pt 
Siphonaptera Pulicidae Spilopsyllinae         sp pt 
Hymenoptera Apidae Bombus pennsylanicus (DeGeer) sp m 
 Bethylidae 2 morphs sp, f pt 
 Braconidae 9 morphs sp, f, w m, pt 
 Ceraphronidae Ceraphron sp. sp, f, w m, pt 
 Chalcididae Halthichella rhyacioniae Gahan sp pt 
  morph 2 sp pt 
 Diapriidae Basalys sp. sp, f, w pt 
  Belyta sp. sp pt 
  Belytinae (1 morph) w pt 
  Coptera sublata Muesebeck sp pt 
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  Idiotypa sp. sp, f pt 
  Trichopria sp. sp, f, w pt 
 Eucoilidae 4 morphs sp, f, w pt 
 Eulophidae morph 1 sp, f, w pt 
 Eulpelmidae Anastatus mirabilis Walsh and Riley f pt 
  morph 2 w pt 
 Eurytomidae Sycophila sp. sp pt 
 Figitidae 3 morphs sp, f pt 
 Formicidae Camponotus americanus Mayr sp, f, w m, pt 
  Camponotus pennsylvanicus (De Geer) sp, f, w m, pt 
  Crematogaster pilosa Emery sp, f, w m, pt 
  Cyphomyrmex rimosus minutus Mayr sp, f, w pt 
  Hypoponera opacior Forel sp, f, w m, pt 
  Leptothorax curvispinosus Mayr sp, f, w pt 
  Myrmecina americana Emery      sp, w pt 
  Pheidole dentata Mayr  sp, f, w m, pt 
  Pheidole sitarches Wheeler   sp, f, w m, pt 
  Pyramica rostrata (Emery) w pt 
  Solenopsis invicta Smith sp, f, w m, pt 
  Solenopsis m. molesta (Say) sp, f, w m, pt 
  Strumigenys louisianae Roger sp, f pt 
  Myrmica brevispinosa Wheeler sp, f, w pt 
  Tetramorium rugiventris Smith  sp, f, w m, pt 
  Trachymyrmex septentrionalis (McCook) sp, f m, pt 
  unidentified tiny blonde ant w pt 
 Ichneumonidae 9 morphs  sp, f, w m, pt 
 Megaspilidae Conostigmus sp. sp, w pt 
  Dendrocerus sp. f pt 
  Lagynodes sp. sp pt 
 Mutillidae morph 1 sp, f, w m, pt 
 Mymaridae Camptoptera sp. w pt 
  Gonotcerus sp. sp, f, w pt 
  Litus cynipseus sp, f, w pt 
 Ormyridae Ormyrus sp. sp pt 
 Platygastridae Amblyaspis sp. f, w pt 
  Fidiobia sp. sp pt 
  Leptacis sp. sp, f pt 
 Prototrupidae Brachyserphus abruptus Say sp pt 
 Pteromalidae Muscidifurax raptor Girault and Sanders sp pt 
  Nasonia vitripennis Walker sp, w m, pt 
  Psilocera sp. f pt 
  Spalangia cameroni Perkins sp pt 
  Spalangia nigra Latreille sp, f, w pt 
  Spalangiolaelaps argenticoxa Girault sp pt 
  Systellogaster ovivora Gahan sp pt 
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  Trimicrops sp. sp pt 
 Scelionidae Baeus sp.  sp, w pt 
  Telenomus sp. sp, w pt 
  Trimorus sp. sp, f, w pt 
 Sphecidae Sphex nudus Fernald sp m, pt 
 Trichogrammatidae morph 1 w pt 
 Vespidae Vespula maculifrons (Buysson) sp, f pt 
Odonata Libellulidae Erythemis simplicicollis (Say) sp m 
OTHER TAXA 
Class Archnida Order Acari Parasitidae sp, f, w m, pt 
  4 morphs sp, f, w m, pt 
 Order Araneae several morphs sp, f, w m, pt 
 Order Pseudoscorpiones Pseudoscorpions sp, f, w pt 
Class Opiliones  Phalangiidae sp, f, w m, pt 
Class Chilopoda  centipedes sp, f, w m, pt 
Class Diplopoda  millipedes sp, f, w m, pt 
 Order Polyxenida Polyxenidae sp, f, w pt 
Class Crustacea Order Decapoda Astacidae sp, f pt 
 Order Isopoda Oniscidae: Porcellio sp. sp, f, w m, pt 
Phylum Annelidae Class Oligochaeta    earth worms sp, f, w m, pt 
 Class Hirudinea leech sp pt 
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REFINED DATASET (167 TAXA) 
Refined dataset comprising of the final 167 taxa used for all multivariate and 
regression analyses.  This dataset represents specimens collected from all 21 animal 
carcasses during three seasons and includes the following: 249 species, 47 families, and 
three higher order designations. 
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Table C.1.  Final dataset of 167 taxa used for multivariate and regression analyses.  
Taxa significant for discriminating ability (determined by Proc StepDisc procedure) 
are indicated with a ‘X’. 
Taxon # Family (or Higher order) Species (or Taxon) StepDisc 
1 Phoridae Acontistoptera melanderi  
2 Silvanidae Ahasverus rectus  
3 Staphylinidae Aleochara lata X 
4 Staphylinidae Aleochara lustrica  
5 Staphylinidae Aleodorus sp.  
6 Staphylinidae Anotylus insignitus  
7 Staphylinidae Anotylus sp. 2  
8 Scarabaeidae Aphodius bicolor  
9 Scarabaeidae Aphodius rubeolus X 
10 Scarabaeidae Aphodius rusicola X 
11 Phoridae Apocephalus m. borealis X 
12 Araneae Araneae  
13 Scarabaeidae Ataenius platensis X 
14 Scarabaeidae Ateuchus histeroides  
15 Bethylidae Bethylidae  
16 Blattellidae Blattellidae  
17 Braconidae Braconidae  
18 Calliphoridae Calliphora vicina larvae  
19 Calliphoridae Calliphoridae flies  
20 Calliphoridae Calliphoridae larvae  
21 Formicidae Camponotus americanus X 
22 Formicidae Camponotus pennsylvanicus X 
23 Carabidae Carabidae  
24 Histeridae Carcinops pumilio  
25 Nitidulidae Carpophilus freemani  
26 Leiodidae Catops simplex X 
27 Ceraphronidae Ceraphronidae  
28 Chilopoda Chilopoda  
29 Calliphoridae Chrysomya rufifaces larvae  
30 Calliphoridae Cochliomyia macellaria larvae X 
31 Leiodidae Colenis impunctata  
32 Phoridae Conicera h. barberi  
33 Scarabaeidae Copris minutus X 
34 Sphaeroceridae Coproica sp. 2 X 
35 Corylophidae Corylophidae  
36 Formicidae Crematogaster pilosa  
37 Staphylinidae Creophilus maxillosus  
38 Cryptophagidae Cryptophagidae X 
39 Scarabaeidae Deltochilum g. gibbosum X 
40 Dermestidae Dermestes caninus X 
41 Dermestidae Dermestes caninus larvae  
42 Diapriidae Diapriidae  
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43 Diplopoda Diplopoda X 
44 Phoridae Dohrniphora sp.  
45 Empididae Drapetis sp.  
46 Eucoilidae Eucoilidae  
47 Scydmaenidae Euconnus sp.  
48 Eulophidae Eulophidae  
49 Histeridae Euspilotus assimilis  
50 Histeridae Euspilotus azurescens X 
51 Histeridae Euspilotus simulatus  
52 Staphylinidae Eustilicus sp.  
53 Fanniidae Fannia scalaris  
54 Fanniidae Fannia scalaris larvae X 
55 Figitidae Figitidae  
56 Formicidae Formicidae X 
57 Geotrupidae Geotrupes blackburnii X 
58 Geotrupidae Geotrupes splendidus X 
59 Staphylinidae Group 3 staphylinid larvae  
60 Staphylinidae Group 4 staphylinid larvae  
61 Staphylinidae Group 5 staphylinid larvae X 
62 Phoridae Gymnophora sp.  
63 Stratiomyidae Hermetia illucens  
64 Stratiomyidae Hermetia illucens larvae  
65 Histeridae Hister abbreviatus  
66 Histeridae Hister depurator X 
67 Histeridae Histeridae  
68 Histeridae Histeridae larvae  
69 Hydrophilidae Hydrophilidae  
70 Muscidae Hydrotaea dentipes  
71 Muscidae Hydrotaea leucostoma X 
72 Muscidae Hydrotaea leucostoma larvae  
73 Formicidae Hypoponera opacior  
74 Ichneumonidae Ichneumonidae  
75 Staphylinidae Ischnosoma sp.  
76 Latridiidae Latridiidae  
77 Sphaeroceridae Leptocera caenosa  
78 Sphaeroceridae Leptocera pteremis sp.  
79 Formicidae Leptothorax curvispinosus  
80 Phoridae Megaselia megaselia sp. 1 X 
81 Phoridae Megaselia megaselia spp.  
82 Megaspilidae Megaspilidae  
83 Reduviidae Melanolestes picipes  
84 Sepsidae Meroplius stercorarius  
85 Sphaeroceridae Mesosphaerocera annulicornis  
86 Monotomidae Monotoma fulvipes  
87 Mymaridae Mymaridae  
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88 Cleridae Necrobia ruficollis X 
89 Cleridae Necrobia rufipes  
90 Cleridae Necrobia rufipes larvae  
91 Silphidae Necrodes surinamensis X 
92 Silphidae Necrodes surinamensis larvae  
93 Silphidae Necrophila americana larvae X 
94 Staphylinidae Nitidotachinus sp.  
95 Nitidulidae Nitidulidae  
96 Silphidae Oiceoptoma inaequale X 
97 Silphidae Oiceoptoma inaequale larvae  
98 Silphidae Oiceoptoma rugulosum  
99 Nitidulidae Omosita colon  
100 Nitidulidae Omosita colon larvae  
101 Scarabaeidae Onthophagus h. hecate X 
102 Scarabaeidae Onthophagus spp.  
103 Staphylinidae Osoriinae larvae X 
104 Staphylinidae Oxytelus convergens  
105 Staphylinidae Oxytelus pennsylvanicus  
106 Staphylinidae Oxytelus sculptus X 
107 Staphylinidae Paederinae  
108 Sphaeroceridae Parasphaerocera nigrifemur  
109 Phoridae Pericyclocera catta X 
110 Phoridae Pericyclocera floricola  
111 Calliphoridae Phaenicia coeruleiviridis larvae X 
112 Calliphoridae Phaenicia cuprina larvae  
113 Calliphoridae Phaenicia sericata X 
114 Calliphoridae Phaenicia sericata larvae  
115 Phalangiidae Phalangiidae  
116 Formicidae Pheidole dentata  
117 Formicidae Pheidole sitarches X 
118 Staphylinidae Philonthus umbrinus  
119 Phoridae Phoridae  
120 Phoridae Phoridae larvae X 
121 Calliphoridae Phormia regina  
122 Calliphoridae Phormia regina larvae  
123 Piophilidae Piophila casei  
124 Piophilidae Piophilidae  
125 Piophilidae Piophilidae larvae  
126 Staphylinidae Platydracus exulans  
127 Staphylinidae Platydracus maculosus X 
128 Polyxenidae Polyxenidae  
129 Leiodidae Prionochaeta opaca  
130 Piophilidae Prochyliza xanthostoma  
131 Scarabaeidae Pseudocanthon perplexus  
132 Psocidae Psocidae X 
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133 Sphaeroceridae Pterogramma palliceps  
134 Pteromalidae Pteromalidae  
135 Ptiliidae Ptiliidae  
136 Phoridae Puliciphora sp. X 
137 Staphylinidae Quedius capucinus X 
138 Staphylinidae Rugilus sp.  
139 Drosophilidae Scaptomyza sp. X 
140 Scelionidae Scelionidae X 
141 Sepsidae Sepsis vicaria  
142 Silvanidae Silvanidae larvae X 
143 Formicidae Solenopsis invicta  
144 Formicidae Solenopsis m. molesta X 
145 Sphaeroceridae Sphaeroceridae X 
146 Sphaeroceridae Spinilimosina brevicostata  
147 Staphylinidae Staphylininae  
148 Staphylinidae Staphylininae larvae X 
149 Piophilidae Stearibia nigriceps  
150 Nitidulidae Stelidota geminata  
151 Nitidulidae Stelidota octomaculata  
152 Empididae Stilpon limitaris X 
153 Formicidae Strumigenys louisianae  
154 Staphylinidae Super tiny Aleocharine  
155 Staphylinidae Tachinus axillaris  
156 Empididae Tachypeza sp.  
156 Staphylinidae Tachyporinae  
157 Psychodidae Telmatoscopus superbus  
158 Tenebrionidae Tenebrionidae  
159 Formicidae Myrmica brevispinosa X 
160 Formicidae Tetramorium rugiventris  
161 Staphylinidae Thamiaraea lira  
162 Psychodidae Threticus sp.  
163 Formicidae Trachymyrmex septentrionalis obscurior  
164 Trogidae Trox foveicollis  
165 Trogidae Trox punctatus  
166 Trogidae Trox suberosus X 





FREQUENCY DATA BY STAGE OF DECOMPOSITON 
 
Frequency information for the complete pitfall trap dataset (438 taxa) sorted by 




Table D.1.  Frequency of taxa collected per stage of decomposition using pitfall 
traps for 21 animal carcasses in East Baton Rouge Parish, LA during spring and fall 
1999, and winter 2000. 
Family/Order Taxa Fresh Bloat Active Advanced Dry Total 
Phoridae Acontistoptera melanderi 0 0 4 25 23 52 
Acrididae Acrididae 0 0 0 0 1 1 
Ptiliidae Acrotrichis sp. 0 3 15 66 84 168 
Histeridae Aeletes politus 0 0 1 1 1 3 
Silvanidae Ahasverus rectus 0 1 7 88 80 176 
Staphylinidae Aleochara lata 2 14 68 202 177 463 
Staphylinidae Aleochara lustrica 0 4 22 60 68 154 
Staphylinidae Aleodorus sp. 0 0 8 53 68 129 
Chrysomelidae Alticinae 0 0 0 0 1 1 
Platygastridae Amblyaspis sp. 0 0 0 2 1 3 
Amphipoda Amphipoda 0 1 0 0 0 1 
Eulpelmidae Anastatus mirabilis 0 0 0 0 1 1 
Anobiidae Anobiidae 0 1 1 2 2 6 
Staphylinidae Anotylus insignitus 0 7 32 599 922 1560 
Staphylinidae Anotylus sp. 2 0 25 18 60 311 414 
Anthicidae Anthicidae 0 0 0 0 5 5 
Anthribidae Anthribid 0 0 0 0 1 1 
Homoptera Aphididae 0 1 0 3 29 33 
Scarabaeidae Aphodius bicolor 0 14 5 118 567 704 
Scarabaeidae Aphodius rubeolus 0 0 1 12 33 46 
Scarabaeidae Aphodius rusicola 0 6 10 2 23 41 
Scarabaeidae Aphodius stercorosus 0 0 0 0 1 1 
Phoridae Apocephalus m. borealis 0 0 0 1 10 11 
Sphaeroceridae Apteromyia sp. 0 0 0 1 0 1 
Hemiptera Aradidae 0 1 1 2 0 4 
Araneae Araneae 7 226 251 302 1201 1987 
Sarcophagidae Argoravinia rufiventris 0 0 0 0 2 2 
Corylophidae Arthrolips sp. 0 0 0 3 8 11 
Ascalaphidae  Ascalaphidae  0 0 0 0 1 1 
Decapoda Astacidae 0 2 0 0 1 3 
Staphylinidae Astenus sp. 0 0 1 0 1 2 
Scarabaeidae Ataenius platensis 3 20 35 29 78 165 
Scarabaeidae Ateuchus histeroides 0 7 1 11 91 110 
Cryptophagidae Atomaria sp. 0 2 3 4 6 15 
Staphylinidae Baeocera sp. 1 0 0 0 0 1 1 
Staphylinidae Baeocera sp. 2 0 0 0 0 1 1 
Scelionidae Baeus sp. 0 0 0 1 15 16 
Diapriidae Basalys sp. 0 1 6 4 30 41 
Staphylinidae Belonuchus rufipennis 0 0 1 3 1 5 
Diapriidae Belyta sp. 0 0 0 0 1 1 
Diapriidae Belytinae 0 1 0 0 0 1 
Bethylidae  Bethylidae morph 1 0 0 2 2 5 9 
Bethylidae  Bethylidae morph 2 0 0 0 0 3 3 
Bibionidae Bibionidae 0 0 0 5 19 24 
Pselaphidae Biblioplectus sp. 0 1 0 0 0 1 
Blattaria Blatta orientalis 0 1 0 2 0 3 
Bombyliidae Bombyliidae 0 0 0 3 6 9 
Piophilidae Boreopiophila tomentosa 0 0 0 2 2 4 
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Bostrichidae Bostrichidae 0 0 3 0 1 4 
Proctotrupidae Brachyserphus abruptus 0 0 0 1 0 1 
Braconidae  Braconidae morph 1 0 3 1 2 15 21 
Braconidae  Braconidae morph 10 0 0 0 1 0 1 
Braconidae  Braconidae morph 11 0 0 1 0 2 3 
Braconidae  Braconidae morph 3 0 1 1 1 21 24 
Braconidae  Braconidae morph 4 0 0 1 4 15 20 
Braconidae  Braconidae morph 6 0 1 0 0 0 1 
Braconidae  Braconidae morph 7 0 0 1 1 0 2 
Braconidae  Braconidae morph 8 0 1 1 1 0 3 
Braconidae  Braconidae morph 9 0 1 4 0 3 8 
Sphaeroceridae Bromeloecia sp. 0 0 0 3 1 4 
Anobiidae Caenocara sp. 0 1 0 0 0 1 
Calliphoridae Calliphora vicina 0 1 0 0 0 1 
Calliphoridae Calliphora vicina larvae 0 112 37 23 44 216 
Calliphoridae Calliphoridae 1st/2nd instars 0 196 7230 460 407 8293 
Calliphoridae  Calliphoridae emerged flies 0 0 0 1033 1224 2257 
Micropezidae Calobatina geometra 0 0 0 0 1 1 
Carabidae Calosoma scrutator 0 0 2 1 0 3 
Formicidae Camponotus americanus 1 17 11 31 94 154 
Formicidae Camponotus pennsylvanicus 1 13 62 107 212 395 
Mymaridae Camptoptera sp. 0 1 0 0 0 1 
Cantharidae  Cantharidae 0 1 0 1 4 6 
Carabidae  Carabidae larvae 0 1 1 0 3 5 
Carabidae  Carabidae morph 10 0 0 1 1 1 3 
Carabidae  Carabidae morph 8 0 4 6 3 0 13 
Carabidae  Carabidae morph 9 0 1 2 2 2 7 
Carabidae Carabus scrutator 0 1 0 0 1 2 
Histeridae Carcinops pumilio 0 0 0 17 4 21 
Nitidulidae Carpophilus dimidiatus 0 1 0 1 6 8 
Nitidulidae Carpophilus freemani 0 0 0 66 12 78 
Leiodidae Catops simplex 2 7 6 6 29 50 
Cecidomyiidae Cecidomyiidae 0 12 3 22 117 154 
Cecidomyiidae Cecidomyiidae larvae 0 0 0 0 18 18 
Ceraphronidae Ceraphron sp. 0 2 1 6 66 75 
Ceratopogonidae Ceratopogonidae 0 0 0 1 0 1 
Ceraphronidae Cercyon c. floridanus 0 0 0 1 1 2 
Ceraphronidae Cercyon c. variegatus 0 0 0 1 2 3 
Ceraphronidae Cercyon c. versicolor 0 0 0 0 2 2 
Chalcidae  Chalcidae  0 0 0 0 2 2 
Chilopoda Chilopoda 0 10 6 2 24 42 
Chironomidae Chironomidae 0 4 0 0 5 9 
Carabidae Chlaenius erythropus 0 0 3 1 13 17 
Chloropidae Chloropidae 0 0 0 0 1 1 
Chrysomelidae Chrysomelidae 0 0 0 0 1 1 
Calliphoridae Chrysomya rufifaces 0 0 1 0 0 1 
Calliphoridae Chrysomya rufifaces larvae 0 0 7119 23318 1446 31883 
Neuroptera Chrysopa sp.  0 0 0 0 2 2 
Cicindelidae Cicindela sexguttata 0 0 0 0 4 4 
Ciidae Cis sp. 0 0 1 0 0 1 
Carabidae Clivina bipustulata 0 0 0 2 1 3 
Carabidae Clivina dentipes 0 1 5 3 17 26 
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Calliphoridae Cochliomyia macellaria 0 0 3 0 0 3 
Calliphoridae Cochliomyia macellaria larvae 0 0 5282 1203 33 6518 
Leiodidae Colenis impunctata 0 0 12 12 8 32 
Phoridae Conicera h. barberi 0 2 21 76 782 881 
Coniopterygidae  Coniopterygidae  0 0 0 5 2 7 
Megaspilidae Conostigmus sp. 0 1 2 7 9 19 
Dytiscidae Copelatus glyphicus 0 0 8 1 0 9 
Scarabaeidae Copris minutus 0 62 19 53 76 210 
Sphaeroceridae Coproica acutangula 0 0 1 3 3 7 
Sphaeroceridae Coproica sp. 2 0 29 340 2009 2253 4631 
Sphaeroceridae Copromyza sp. 0 0 0 1 0 1 
Staphylinidae Coproporus sp. 0 0 1 1 0 2 
Diapriidae Coptera sublata 0 0 0 0 1 1 
Corylophidae  Corylophidae larvae 0 0 0 1 5 6 
Corylophidae  Corylophidae morph 1 0 0 0 0 1 1 
Formicidae Crematogaster pilosa 0 8 4 14 28 54 
Staphylinidae Creophilus maxillosus 0 59 1922 1100 106 3187 
Cryptophagidae Cryptophagus sp. 0 0 0 1 4 5 
Hydrophilidae Cryptopleurum americanum 0 0 3 2 0 5 
Culicidae Culicidae 0 0 0 0 1 1 
Curculionidae  Curculionidae morph 1 0 13 3 18 36 70 
Curculionidae  Curculionidae morph 2 0 0 0 3 5 8 
Cryptophagidae Curelius sp. 0 0 0 0 1 1 
Hemiptera Cydnidae 0 1 2 1 14 18 
Formicidae Cyphomyrmex r. minutus 0 5 0 0 3 8 
Scarabaeidae Deltochilum g. gibbosum 1 12 18 11 29 71 
Megaspilidae Dendrocerus sp. 0 0 0 1 0 1 
Dermaptera Dermaptera 0 0 0 0 1 1 
Dermestidae Dermestes caninus 0 0 10 58 33 101 
Dermestidae Dermestes caninus larvae 0 0 10 125 76 211 
Dolichopodidae Diaphorus sp. 0 0 0 0 1 1 
Scarabaeidae Dichotomius c. carolinus 0 2 0 1 1 4 
Bibionidae Dilophus sp. 0 0 0 0 1 1 
Biphyllidae Diplocoelus (near) rudis 0 0 0 0 1 1 
Phoridae Diplonevra sp. 0 0 2 0 0 2 
Diplopoda Diplopoda 0 8 10 7 34 59 
Phoridae Dohrniphora sp. 0 115 7 529 542 1193 
Empididae Drapetis sp. 0 0 0 0 11 11 
Dytiscidae Dytiscidae 0 0 0 1 1 2 
Elateridae Elateridae 0 0 2 2 9 13 
Hemiptera Emesinae 0 0 0 0 1 1 
Endomychidae Endomychidae 0 0 0 0 2 2 
Collembola Entomobryidae 10 1641 1819 3227 21187 27884 
Ephydridae Ephydridae 0 0 0 0 1 1 
Ephydridae  Ephydridae larvae 0 0 0 0 1 1 
Histeridae Epierus pulicarius 0 0 0 1 0 1 
Eucoilidae  Eucoilidae morph 1 0 0 0 0 3 3 
Eucoilidae  Eucoilidae morph 2 0 0 0 1 1 2 
Eucoilidae  Eucoilidae morph 3 0 0 1 2 7 10 
Eucoilidae  Eucoilidae morph 4 0 0 1 1 0 2 
Scydmaenidae Euconnus sp. 0 4 6 8 17 35 
Eulophidae Eulophidae 0 1 2 5 15 23 
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Eupelmidae  Eupelmidae morph 2 0 0 1 0 1 
Histeridae Euspilotus assimilis 59 2369 3763 526 6717 
Histeridae Euspilotus auctus 0 0 1 0 1 
Histeridae Euspilotus azurescens 2 85 152 22 261 
Histeridae Euspilotus rossi 0 0 1 0 1 
Histeridae Euspilotus simulatus 0 0 5 8 13 
Staphylinidae Eustilicus sp. 0 2 7 10 19 
Fanniidae Fannia scalaris 2 37 67 41 147 
Fanniidae Fannia scalaris larvae 3 116 793 1139 2052 
Platygastridae Fidiobia sp. 0 1 0 0 1 
Figitidae  Figitidae morph 1 0 0 6 3 9 












0 0 0 1 0 
Figitidae  Figitidae morph 3 0 0 0 1 1 
Formicidae larvae Formicidae larvae 0 0 0 1 1 
Formicidae 0 12 5 0 6 23 
Formicidae Formicidae unidentified quenn 0 0 0 0 6 
Frog Frog 0 0 1 4 6 
Homoptera Fulgoridae 1 0 0 1 2 
Galerita sp. 0 4 2 0 4 
Gastropoda Gastropoda 0 4 4 27 38 
Geotrupidae Geotrupes blackburnii 0 0 12 200 212 
Geotrupidae 0 155 209 357 900 1621 
Mymaridae Gonotcerus sp. 0 0 1 0 3 
Staphylinidae Group 3 staphylinid larvae 0 1 136 463 602 














0 1 5 82 527 615 
Staphylinidae Group 5 staphylinid larvae 0 0 0 1 19 20 
Orthoptera Gryllidae 0 2 0 0 1 3 
Phoridae Gymnophora sp. 0 14 1 2 35 52 
Chalcididae Halthichella rhyacionia 0 0 0 0 1 1 
Hemerobiidae Hemerobiidae 0 1 1 1 1 4 
Lepidoptera Hemileuca maia 0 0 0 11 10 21 
Hemiptera Hemiptera 0 4 0 12 17 33 
Stratiomyidae Hermetia illucens 0 0 10 15 9 34 
Stratiomyidae Hermetia illucens larvae 0 0 0 248 404 652 
Phasmida Heteronemiidae 0 0 0 0 2 2 
Histeridae Hister abbreviatus 0 0 37 275 154 466 
Histeridae Hister coenosus 0 0 0 3 1 4 
Histeridae Hister depurator 0 3 48 209 241 501 
Histeridae  Histeridae larvae 0 0 0 7 18 25 
Homoptera Homoptera 0 0 5 1 37 43 
Hydraenidae Hydraena sp. 0 0 1 0 1 2 
Hydrophilidae Hydrophilidae 0 0 0 0 1 1 
Hydrophilidae  Hydrophilidae larvae 0 0 1 0 0 1 
Trichoptera Hydropsychidae 0 5 0 14 35 54 
Muscidae Hydrotaea dentipes 0 3 5 0 3 11 
Muscidae Hydrotaea leucostoma 0 7 349 281 191 828 
Muscidae Hydrotaea leucostoma larvae 0 0 157 1316 395 1868 
Collembola Hypogastruridae 0 113 66 45 1460 1684 
Formicidae Hypoponera opacior 0 8 2 4 7 21 
Ichneumonidae  Ichneumonidae morph 1 0 4 15 95 132 246 
Ichneumonidae  Ichneumonidae morph 2 1 4 0 6 8 19 
Ichneumonidae  Ichneumonidae morph 3 0 0 0 0 4 4 
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Ichneumonidae  Ichneumonidae morph 4 0 0 0 0 1 1 
Ichneumonidae  Ichneumonidae morph 5 0 0 0 0 1 1 
Ichneumonidae  Ichneumonidae morph 6 0 0 0 1 3 4 
Ichneumonidae  Ichneumonidae morph 7 0 0 0 1 0 1 
Ichneumonidae  Ichneumonidae morph 8 0 2 0 0 0 2 
Ichneumonidae  Ichneumonidae morph 9 0 0 0 2 2 4 
Diapriidae Idiotypa sp. 0 0 0 0 19 19 
Staphylinidae Ischnosoma sp. 0 10 14 5 81 110 
Blattaria Ishnoptera sp. 0 0 0 0 1 1 
Megaspilidae Lagynodes sp. 0 0 0 0 5 5 
Lampyridae Lampyridae 0 0 0 0 4 4 
Lampyridae Lampyridae larvae 0 2 0 3 5 10 
Lasiocampidae  Lasiocampidae  0 0 0 0 1 1 
Piophilidae Lasiopiophila pilosa 0 0 0 0 1 1 
Latridiidae  Latridiidae morph 2 0 0 0 1 0 1 
Leech Leech 0 0 0 0 1 1 
Lepidoptera Lepidoptera 0 16 4 18 62 100 
Platygastridae Leptacis sp. 0 0 0 2 1 3 
Sphaeroceridae Leptocera (Raphispoda) sp. 0 1 0 0 0 1 
Sphaeroceridae Leptocera caenosa 2 95 83 230 599 1009 
Sphaeroceridae Leptocera pteremis sp. 2 50 307 480 901 1740 
Formicidae Leptothorax curvispinosus 0 1 2 3 4 10 
Hippoboscidae Lipoptena cervi 0 1 2 1 1 5 
Mymaridae Litus cynipseus 0 2 0 1 7 10 
Lizard Lizard 0 0 0 0 1 1 
Lepidoptera Lycaenidae  0 0 0 0 1 1 
Hemiptera Lygaeidae 0 0 3 1 1 5 
Micricoryphia Machillidae 0 1 1 1 5 8 
Staphylinidae Megarthrus sp. 0 0 1 3 3 7 
Phoridae Megaselia megaselia sp. 1 0 7 5 26 244 282 
Phoridae Megaselia megaselia sp. 2 0 7 5 26 77 115 
Phoridae Megaselia megaselia sp. 3 0 0 0 1 9 10 
Phoridae Megaselia megaselia sp. 4 0 0 0 0 20 20 
Phoridae Megaselia megaselia sp. 5 0 0 0 0 9 9 
Phoridae Megaselia megaselia sp. 6 0 0 0 0 1 1 
Phoridae Megaselia megaselia sp. 7 0 7 0 0 0 7 
Micricoryphia Meinertellidae 0 0 0 0 1 1 
Reduviidae Melanolestes picipes 0 2 6 13 14 35 
Latridiidae Melanophthalma m. sp. 0 0 0 1 9 10 
Sepsidae Meroplius stercorarius 0 0 2 13 46 61 
Sphaeroceridae Mesosphaerocera annulicornis 0 1 9 1 7 18 
Phoridae Metopina subarcuata 0 0 0 3 3 6 
Monotomidae Monotoma fulvipes 0 0 3 24 27 54 
Monotomidae  Monotomidae larvae 0 0 0 3 0 3 
Mordellidae Mordellidae 0 0 0 1 2 3 
Pteromalidae Muscidifurax raptor 0 0 0 1 0 1 
Acari Mushroom mites 0 4 0 0 4 8 
Mutillidae Mutillidae 0 0 1 0 4 5 
Piophilidae Mycetaulus bipunctata 0 0 0 3 3 6 
Mycetophilidae Mycetophilidae 0 0 3 9 40 52 
Formicidae Myrmecina americana 0 1 1 0 0 2 
Hemiptera Nabidae 0 0 0 0 2 2 
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Pteromalidae Nasonia vitripennis 0 0 0 5 15 20 
Cleridae Necrobia ruficollis 0 0 6 12 13 31 
Cleridae Necrobia rufipes 0 0 0 6 7 13 
Cleridae Necrobia rufipes larvae 0 0 0 8 18 26 
Silphidae Necrodes surinamensis 0 0 101 16 1 118 
Silphidae Necrodes surinamensis larvae 0 0 209 801 862 1872 
Silphidae Necrophila americana 0 1 8 0 0 9 
Silphidae Necrophila americana larvae 0 0 0 5 13 18 
Acari Needlenose mites 0 7 23 6 15 51 
Ptiliidae Nephanes sp. 0 2 15 45 118 180 
Silphidae Nicrophorus pustulatus 0 0 0 1 0 1 
Staphylinidae Nitidotachinus sp. 0 1 0 0 11 12 
Nitidulidae  Nitidulidae larvae morph 2 0 0 0 0 1 1 
Empididae Oedalea sp. 0 0 2 1 1 4 
Silphidae Oiceoptoma inaequale 7 35 41 11 70 164 
Silphidae Oiceoptoma inaequale larvae 0 2 60 151 456 669 
Silphidae Oiceoptoma rugulosum 0 5 6 1 3 15 
Oligochaeta Oligochaeta 0 6 18 10 30 64 
Nitidulidae Omosita colon 1 24 529 9584 3789 13927 
Nitidulidae Omosita colon larvae 1 8 23 4501 7566 12099 
Staphylinidae Ontholestes cingulatus 0 0 1 0 2 3 
Scarabaeidae Onthophagus gazella 0 0 0 0 1 1 
Scarabaeidae Onthophagus h. hecate 1 17 23 72 296 409 
Scarabaeidae Onthophagus s. floridanus 0 0 0 2 1 3 
Scarabaeidae Onthophagus s. striatulus 0 1 0 0 0 1 
Scarabaeidae Onthophagus taurus 0 1 1 1 3 6 
Histeridae Onthophilus deflectus 0 0 0 1 3 4 
Hydrophilidae Oosternum sp. 0 0 1 0 0 1 
Tenebrionidae Opatrinus minimus 0 0 0 10 3 13 
Ormyridae Ormyrus sp. 0 0 0 1 0 1 
Orthoptera Orthoptera 0 2 8 9 43 62 
Staphylinidae Orus sp. 0 0 1 4 3 8 
Staphylinidae Osoriinae larvae 0 0 0 172 320 492 
Otitidae Otitidae 0 0 0 0 3 3 
Staphylinidae Oxytelus convergens 0 4 17 80 309 410 
Staphylinidae Oxytelus pennsylvanicus 0 0 3 12 20 35 
Staphylinidae Oxytelus sculptus 0 3 34 189 963 1189 
Staphylinidae Paederus sp. 0 0 0 0 1 1 
Staphylinidae Palaminus sp. 0 1 0 0 1 2 
Nitidulidae Pallodes pallidus 0 0 0 0 2 2 
Acari Parasitidae 23 1427 5062 51418 160584 218514 
Sphaeroceridae Parasphaerocera nigrifemur 0 1 1 6 14 22 
Blattaria Parcoblatta pennsylvanica 0 0 1 0 24 25 
Blattaria Parcoblatta sp. 2 0 4 1 5 26 36 
Blattaria Parcoblatta sp. 3 0 3 1 4 27 35 
Blattaria Parcoblatta sp. 4 0 0 0 0 2 2 
Histeridae Paromalus seminulum 0 0 0 0 3 3 
Hydrophilidae Pemelus costatus 0 0 1 1 0 2 
Pentatomidae  Pentatomidae  0 0 2 0 0 2 
Phoridae Pericyclocera catta 0 1 0 2 43 46 
Phoridae Pericyclocera floricola 0 15 8 26 139 188 
Blattaria Periplaneta americana 0 0 1 0 0 1 
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Blattaria Periplaneta brunnea 0 0 1 2 0 3 
Calliphoridae Phaenicia coeruleiviridis 0 0 0 1 0 1 
Calliphoridae Phaenicia coeruleiviridis larvae 0 15 16631 3694 351 20691 
Calliphoridae Phaenicia cuprina 0 0 2 0 0 2 
Calliphoridae Phaenicia cuprina larvae 0 0 8 21 0 29 
Calliphoridae Phaenicia sericata 0 0 15 4 1 20 
Calliphoridae Phaenicia sericata larvae 0 0 3181 123 60 3364 
Phalacridae Phalacridae 0 0 0 3 1 4 
Opiliones Phalangiidae 0 34 14 23 52 123 
Scarabaeidae Phanaeus p. triangularis 0 0 0 1 0 1 
Formicidae Pheidole dentata 0 293 72 111 415 891 
Formicidae Pheidole sitarches 0 57 41 27 90 215 
Histeridae Phelister vernus 0 0 0 2 0 2 
Nitidulidae Phenolia p. grossa 0 0 0 3 0 3 
Nitidulidae Phenolia p. grossa larvae 0 0 0 0 1 1 
Sciomyzidae Pherbellia sp. 0 0 0 0 3 3 
Staphylinidae Philonthini unID 0 0 0 1 0 1 
Staphylinidae Philonthus sp. 2 0 0 0 0 1 1 
Staphylinidae Philonthus sp. 3 0 0 0 0 1 1 
Staphylinidae Philonthus umbrinus 0 14 43 56 72 185 
Thysanoptera Phlaeothripidae 0 14 13 62 853 942 
Phoridae  Phoridae larvae 0 5 5 43 55 108 
Calliphoridae Phormia regina 0 9 13 50 92 164 
Calliphoridae Phormia regina larvae 0 4 9488 6382 2360 18234 
Scarabaeidae Phylophaga sp. 0 0 0 1 0 1 
Piophilidae Piophila casei 0 0 43 29 3 75 
Piophilidae Piophilidae larvae 0 1 0 1214 516 1731 
Tenebrionidae Platydema erythocerum 0 0 0 1 1 2 
Staphylinidae Platydracus exulans 0 4 3 11 15 33 
Staphylinidae Platydracus fossator 0 0 0 0 1 1 
Staphylinidae Platydracus maculosus 0 3 41 55 70 169 
Platypezidae Platypezidae 0 0 0 1 0 1 
Tenebrionidae Poecilocrypticus formicophilus 0 0 0 2 3 5 
Sphaeroceridae Poecilosomella angulata 0 0 0 0 3 3 
Polyxenida Polyxenidae 0 4 12 78 174 268 
Isopoda Porcellio sp. 0 12 13 13 63 101 
Leiodidae Prionochaeta opaca 0 0 0 0 13 13 
Piophilidae Prochyliza xanthostoma 0 3 64 128 77 272 
Scarabaeidae Pseudocanthon perplexus 0 10 0 0 13 23 
Pseudoscorpiones Pseudoscorpiones 0 1 0 0 3 4 
Pteromalidae Psilocera sp. 0 0 0 0 1 1 
Psocidae Psocidae 0 2 2 16 319 339 
Sphaeroceridae Pterogramma palliceps 0 18 19 9 74 120 
Carabidae Pterostichus sculptus 0 0 0 0 4 4 
Ptilodactylidae Ptilodactylidae 0 0 0 1 2 3 
Siphonaptera Pulicidae 0 0 0 1 0 1 
Phoridae Puliciphora sp. 0 9 37 218 594 858 
Staphylinidae Quedius capucinus 0 30 128 215 589 962 
Micropezidae Rainieria antennaepes 0 0 0 0 2 2 
Hemiptera Reduviidae 0 0 4 0 1 5 
Orthoptera Rhaphidophorinae 0 8 1 4 47 60 
Isoptera Rhinotermitidae 0 0 0 3 8 11 
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Sphaeroceridae Rudolfia sp. 0 0 0 0 1 1 
Staphylinidae Rugilus sp. 0 0 41 85 107 233 
Hemiptera Saldidae 0 0 1 1 1 3 
Sarcophagidae  Sarcophagidae larvae 0 1 0 5 0 6 
Staphylinidae Scaphisoma sp. 0 0 0 0 2 2 
Drosophilidae Scaptomyza sp. 1 19 5 21 21 67 
Scaptopsidae Scaptopsidae 0 1 0 4 3 8 
Scarabaeidae Scarabaeidae larvae 0 0 1 3 14 18 
Carabidae Scarites subterraneus 0 2 0 0 4 6 
Scathophagidae Scathophaga sp. 1 0 0 0 0 1 
Sciaridae Sciaridae 10 94 81 395 2126 2706 
Sciaridae Sciaridae larvae 0 1 0 1 75 77 
Scirtidae Scirtidae 0 0 0 1 1 2 
Scolytidae Scolytidae 0 0 1 0 0 1 
Acari Seed mites 7 99 87 104 194 491 
Staphylinidae Sepedophilus sp. 2 0 0 0 0 1 1 
Sepsidae Sepsis vicaria 0 0 0 5 23 28 
Silvanidae Silvanidae larvae 0 0 0 13 15 28 
Silvanidae Silvanus muticus 0 1 0 1 0 2 
Mollusca Slug 0 0 0 0 3 3 
Formicidae Sminthistruma sp. 0 0 2 0 0 2 
Collembola Sminthuridae 40 2785 2300 1386 11152 17663 
Formicidae Solenopsis invicta 0 207 223 2806 1107 4343 
Formicidae Solenopsis m. molesta 2 46 17 244 368 677 
Pteromalidae Spalangia cameroni 0 0 0 1 1 2 
Pteromalidae Spalangia nigra 0 1 3 3 22 29 
Pteromalidae Spalangiolaelaps argenticoxa 0 0 0 1 0 1 
Sphaeroceridae Sphaerocera curvipes 0 0 0 0 2 2 
Sphaeroceridae Sphaerocera sp. 0 0 0 1 1 2 
Sphecidae Sphex sp. 0 0 0 0 1 1 
Lepidoptera Sphingidae 0 0 0 1 0 1 
Sphaeroceridae Spinilimosina brevicostata 0 0 0 8 5 13 
Staphylinidae Staphylininae larvae 0 0 182 1041 592 1815 
Piophilidae Stearibia nigriceps 0 0 107 691 218 1016 
Nitidulidae Stelidota geminata 0 3 0 45 30 78 
Nitidulidae Stelidota octomaculata 0 2 0 16 23 41 
Nitidulidae Stelidota sp. larvae 0 0 0 3 0 3 
Staphylinidae Stictocranius puncticeps 0 2 0 0 1 3 
Empididae Stilpon limitaris 0 0 6 29 143 178 
Acari Strawberry mites 0 2 0 0 8 10 
Formicidae Strumigenys louisianae 0 4 0 2 5 11 
Staphylinidae Super tiny Aleocharine 0 9 5 22 41 77 
Eurytomidae Sycophila sp. 0 0 0 1 0 1 
Pteromalidae Systellogaster ovivora 0 0 0 0 4 4 
Staphylinidae Tachinus axillaris 0 12 13 106 204 335 
Empididae Tachypeza sp. 0 0 1 1 11 13 
Scelionidae Telenomus sp. 0 1 2 2 0 5 
Psychodidae Telmatoscopus superbus 0 0 8 13 11 32 
Tenebrionidae  Tenebrionidae larvae 0 0 0 0 3 3 
Tenebrionidae  Tenebrionidae morph 5 0 0 0 2 0 2 
Tenebrionidae  Tenebrionidae morph 6 0 0 0 0 1 1 
Tenebrionidae  Tenebrionidae morph 7 0 2 1 0 0 3 
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Tenthredinidae Tenthredinidae 0 0 0 0 1 1 
Embiidina Teratembiidae 0 0 0 0 2 2 
Formicidae Tetramorium caespitum 0 4 1 3 4 12 
Formicidae Tetramorium rugiventris 0 14 7 10 25 56 
Orthoptera Tetrigidae 0 0 0 0 2 2 
Staphylinidae Thamiaraea lira 1 33 105 419 309 867 
Staphylinidae Thoracophorus costalis 0 1 0 1 0 2 
Psychodidae Threticus sp. 0 9 18 19 20 66 
Thysanoptera Thripidae 0 0 1 46 252 299 
Tipulidae   Tipulidae   4 17 9 4 27 61 
Formicidae Trachymyrmex s. obscurior 0 5 1 4 25 35 
Trichogrammatidae Trichogrammatidae 0 1 0 0 0 1 
Diapriidae Trichopria sp. 0 1 3 7 20 31 
Pteromalidae Trimicrops sp. 0 0 0 0 2 2 
Scelionidae Trimorus sp. 0 14 9 6 22 51 
Erotylidae Triplax sp. 0 0 1 0 0 1 
Trogidae Trox foveicollis 0 1 11 5 72 89 
Trogidae Trox punctatus 0 0 7 34 75 116 
Trogidae Trox suberosus 0 1 12 28 10 51 
Trogidae Trox unistriatus 0 0 0 0 1 1 
Trogidae Trox variolatus 0 6 2 0 2 10 
Diptera unidentified Diptera larvae 0 0 0 0 34 34 
Vespidae Vespula maculifrons 0 0 0 1 1 2 
Phoridae Woodiphora magnipalpis 0 0 0 2 0 2 
Histeridae Xestipyge geminatum 0 0 0 0 1 1 
Tenebrionidae Xylopinus saperdioides 0 0 0 0 1 1 
 Total 132 8839 67879 131535 242645 451030 
  Frequency Missing = 6             
 
Table D.2.  Number of days each carcass was observed in the five stages of 
decomposition for spring, fall, and winter seasons. 
Stage of decomposition 
Animal Carcass 
Fresh Bloat Active Advanced Putrid/Dry 
Spring      
Alligator 1 1-2 3-4 5-8 9-10 11+ 
Alligator 2 1-2 3-4 5-8 9-10 11+ 
Bear 1-3 4-7 8-14 15-82 82-92 
Deer 1 1-2 3-4 5-9 10-12 13-68 
Deer 2 1-2 3-4 5-9 10-12 13+ 
Swine 1 1 2-3 4-6 7-9 10+ 
Swine 2 1 2-4 5-7 8-10 11+ 
Fall      
Alligator 1 1-2 3-6 7-9 10-12 13-44 
Alligator 2 1-2 3-6 7-9 10-12 13-44 
Bear 1-2 3-7 8-16 17-49 50-64 
Deer 1 1 2-3 4-5 6-10 11-57 
Deer 2 1 2-5 6-9 10-19 20-64 
Swine 1 1 2-5 6-9 10-14 15-57 
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Swine 2 1 2-5 6-9 10-14 15-57 
Winter      
Alligator 1 1-2 3-30 31-34 35-45 46-73 
Alligator 2 1-2 3-30 31-34 35-45 46-73 
Bear 1-6 7-28 29-39 40-73 . 
Deer 1 1-2 3-16 17-21 22-25 26-73 
Deer 2 1-2 3-8 9-13 14-21 22-73 
Swine 1 1-2 3-32 33-44 45-73 . 









FREQUENCY DATA BY SEASON 
 
Frequency information for the complete pitfall trap dataset (438 taxa) sorted by 




Table E.1.  Frequency of taxa collected per season and animal type using pitfall 
traps for alligator (6 carcasses), bear (3), deer (6), and swine (6) in East Baton 
Rouge Parish, LA during spring and fall 1999, and winter 2000. 
Season Animal Type 
Taxa 
Fall Spring Winter 
Total 
Alligator Bear Deer Swine 
Total 
Acontistoptera melanderi 21 30 1 52 10 23 14 5 52 
Acrididae 0 1 0 1 0 0 1 0 1 
Acrotrichis sp. 9 143 16 168 3 63 66 36 168 
Aeletes politus 0 2 1 3 0 3 0 0 3 
Ahasverus rectus 3 162 11 176 4 89 77 6 176 
Aleochara lata 25 116 322 463 18 173 67 205 463 
Aleochara lustrica 4 145 5 154 8 53 61 32 154 
Aleodorus sp. 5 115 9 129 3 56 49 21 129 
Alticinae 0 1 0 1 1 0 0 0 1 
Amblyaspis sp. 1 0 2 3 0 2 0 1 3 
Amphipoda 0 0 1 1 1 0 0 0 1 
Anastatus mirabilis 1 0 0 1 0 0 0 1 1 
Anobiidae 2 4 0 6 1 2 3 0 6 
Anotylus insignitus 22 1500 38 1560 24 636 802 98 1560 
Anotylus sp. 2 69 308 37 414 50 59 257 48 414 
Anthicidae 0 5 0 5 1 0 1 3 5 
Anthribid 0 1 0 1 0 0 1 0 1 
Aphididae 3 23 7 33 2 21 7 3 33 
Aphodius bicolor 681 4 19 704 109 134 350 111 704 
Aphodius rubeolus 2 34 10 46 5 4 36 1 46 
Aphodius rusicola 0 40 1 41 0 0 29 12 41 
Aphodius stercorosus 0 1 0 1 0 0 1 0 1 
Apocephalus m. borealis 3 8 0 11 2 1 7 1 11 
Apteromyia sp. 0 0 1 1 0 1 0 0 1 
Aradidae 1 2 1 4 0 2 1 1 4 
Araneae 170 1533 284 1987 293 304 809 581 1987 
Argoravinia rufiventris 0 2 0 2 0 0 0 2 2 
Arthrolips sp. 0 11 0 11 0 3 6 2 11 
Ascalaphidae 0 0 1 1 0 0 1 0 1 
Astacidae 2 1 0 3 0 0 1 2 3 
Astenus sp. 0 2 0 2 0 1 1 0 2 
Ataenius platensis 1 89 75 165 21 46 48 50 165 
Ateuchus histeroides 34 51 25 110 16 0 39 55 110 
Atomaria sp. 0 2 13 15 6 2 4 3 15 
Baeocera sp. 1 0 0 1 1 0 0 0 1 1 
Baeocera sp. 2 0 1 0 1 0 0 0 1 1 
Baeus sp. 0 15 1 16 0 1 9 6 16 
Basalys sp. 10 27 4 41 6 8 14 13 41 
Belonuchus rufipennis 2 2 1 5 0 2 2 1 5 
Belyta sp. 0 1 0 1 0 0 0 1 1 
Belytinae 0 0 1 1 1 0 0 0 1 
Bethylidae morph 1 0 9 0 9 1 2 6 0 9 
Bethylidae morph 2 1 2 0 3 0 0 3 0 3 
Bibionidae 1 23 0 24 0 5 16 3 24 
Biblioplectus sp. 0 0 1 1 0 0 1 0 1 
Blatta orientalis 0 3 0 3 0 2 1 0 3 
Bombyliidae 9 0 0 9 0 2 4 3 9 
Boreopiophila tomentosa 0 4 0 4 0 2 2 0 4 
Bostrichidae 0 1 3 4 0 0 3 1 4 
Brachyserphus abruptus 0 1 0 1 0 1 0 0 1 
(table E.1 continued) 
 168
(table E.1 continued) 
Braconidae morph 1 1 14 6 21 0 6 11 4 21 
Braconidae morph 10 0 1 0 1 0 1 0 0 1 
Braconidae morph 11 0 3 0 3 0 2 0 1 3 
Braconidae morph 3 3 20 1 24 3 2 11 8 24 
Braconidae morph 4 1 15 4 20 0 5 12 3 20 
Braconidae morph 6 1 0 0 1 0 0 1 0 1 
Braconidae morph 7 1 0 1 2 0 1 0 1 2 
Braconidae morph 8 1 0 2 3 0 1 0 2 3 







2 2 2 2 8 
Bromeloecia sp. 3 1 0 4 0 0 4 0 4 
Caenocara sp. 1 0 0 1 0 0 1 0 1 
Calliphora vicina 0 0 1 1 0 0 1 
Calliphora vicina larvae 0 0 216 216 61 15 216 
Calliphoridae 1st/2nd instar larvae 2085 4808 1400 8293 60 2308 4994 931 8293 
Calliphoridae emerged flies 990 1248 19 2257 63 1005 405 784 2257 
Calobatina geometra 0 1 0 1 0 0 1 1 
Calosoma scrutator 0 3 0 3 1 2 0 3 
Camponotus americanus 42 110 2 154 20 21 72 41 154 
Camponotus pennsylvanicus 88 252 55 395 63 43 254 35 395 
Camptoptera sp. 0 0 1 1 0 0 0 1 
Cantharidae 3 0 3 6 2 0 6 
Carabidae larvae 0 3 2 5 1 0 1 3 5 
Carabidae morph 10 0 2 1 3 0 1 1 1 3 
Carabidae morph 8 5 2 6 13 2 8 2 1 13 
Carabidae morph 9 1 4 2 7 1 4 2 0 7 
Carabus scrutator 0 2 0 2 1 0 1 0 2 
Carcinops pumilio 0 18 3 21 2 18 1 0 21 
Carpophilus dimidiatus 1 7 0 8 1 1 5 1 8 
Carpophilus freemani 0 78 0 78 0 74 3 1 78 
Catops simplex 13 5 32 50 0 17 25 8 50 
Cecidomyiidae 23 117 14 154 29 17 50 58 154 
Cecidomyiidae larvae 0 18 0 18 0 0 18 0 18 
Ceraphron sp. 2 71 2 75 2 6 25 42 75 
Ceratopogonidae 0 1 0 1 0 1 0 0 1 
Cercyon c. floridanus 0 1 1 2 0 0 2 0 2 
Cercyon c. variegatus 0 3 0 3 0 1 2 0 3 
Cercyon c. versicolor 0 2 0 2 1 0 1 0 2 
Chalcidae 2 0 0 2 1 0 1 0 2 
Chilopoda 10 26 6 42 3 4 23 12 42 
Chironomidae 1 4 4 9 2 0 4 3 9 
Chlaenius erythropus 2 13 2 17 3 0 11 3 17 
Chloropidae 0 1 0 1 0 0 1 0 1 
Chrysomelidae 1 0 0 1 1 0 0 0 1 
Chrysomya rufifaces 1 0 0 1 0 1 0 0 1 
Chrysomya rufifaces larvae 31811 62 10 31883 17189 6520 5042 3132 31883 
Chrysopa sp. immature 0 2 0 2 0 0 2 0 2 
Cicindela sexguttata 0 2 2 4 0 0 4 0 4 
Cis sp. 0 1 0 1 0 1 0 0 1 
Clivina bipustulata 0 3 0 3 0 1 1 1 3 
Clivina dentipes 1 25 0 26 2 4 8 12 26 
Cochliomyia macellaria 3 0 0 3 0 1 1 1 3 
Cochliomyia macellaria larvae 6518 0 0 6518 909 3339 2194 76 6518 
Colenis impunctata 8 14 10 32 4 5 18 5 32 
Conicera h. barberi 11 862 8 881 72 54 651 104 881 
Coniopterygidae 7 0 0 7 1 3 3 0 7 
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Conostigmus sp. 0 14 5 19 2 8 7 2 19 
Copelatus glyphicus 3 6 0 9 1 4 2 2 9 
Copris minutus 190 5 15 210 48 11 86 65 210 
Coproica acutangula 0 4 3 7 0 1 3 3 7 
Coproica sp. 2 2257 1678 696 4631 175 483 2743 1230 4631 
Copromyza sp. 0 0 1 1 0 0 1 0 1 
Coproporus sp. 0 1 1 2 0 2 0 0 2 
Coptera sublata 0 1 0 1 0 0 1 0 1 
Corylophidae larvae 0 6 0 6 0 2 4 0 6 
Corylophidae morph 1 1 0 0 1 0 0 1 0 1 
Crematogaster pilosa 8 46 0 54 9 13 29 3 54 
Creophilus maxillosus 320 2727 140 3187 35 969 1129 1054 3187 
Cryptophagus sp. 0 5 0 5 1 1 2 1 5 
Cryptopleurum americanum 0 5 0 5 0 3 1 1 5 
Culicidae 1 0 0 1 0 0 1 0 1 
Curculionidae morph 1 20 44 6 70 10 13 31 16 70 
Curculionidae morph 2 1 7 0 8 3 1 3 1 8 
Curelius sp. 1 0 0 1 0 1 0 0 1 
Cydnidae 2 16 0 18 0 3 4 11 18 
Cyphomyrmex r. minutus 6 1 1 8 0 2 4 2 8 
Deltochilum g. gibbosum 32 39 0 71 3 8 38 22 71 
Dendrocerus sp. 1 0 0 1 0 0 1 0 1 
Dermaptera 0 1 0 1 0 1 0 0 1 
Dermestes caninus 1 86 14 101 1 86 10 4 101 
Dermestes caninus larvae 1 166 44 211 1 136 71 3 211 
Diaphorus sp. 0 1 0 1 0 0 1 0 1 
Dichotomius c. carolinus 1 3 0 4 0 1 3 0 4 
Dilophus sp. 0 1 0 1 0 0 0 1 1 
Diplocoelus (near) rudis 0 1 0 1 0 0 1 0 1 
Diplonevra sp. 0 2 0 2 0 0 2 0 2 
Diplopoda 24 13 22 59 21 18 16 4 59 
Dohrniphora sp. 573 618 2 1193 62 519 591 21 1193 
Drapetis sp. 1 10 0 11 0 0 6 5 11 
Dytiscidae 0 2 0 2 0 1 0 1 2 
Elateridae 1 11 1 13 0 2 8 3 13 
Emesinae 1 0 0 1 0 0 1 0 1 
Endomychidae 0 2 0 2 1 0 1 0 2 
Entomobryidae 466 21234 6188 27888 3625 2783 11441 10039 27888 
Ephydridae 0 1 0 1 0 0 1 0 1 
Ephydridae larvae 0 1 0 1 0 0 1 0 1 
Epierus pulicarius 0 1 0 1 0 1 0 0 1 
Eucoilidae morph 1 1 2 0 3 1 0 1 1 3 
Eucoilidae morph 2 2 0 0 2 0 0 2 0 2 
Eucoilidae morph 3 2 6 2 10 1 0 2 7 10 
Eucoilidae morph 4 0 0 2 2 0 1 1 0 2 
Euconnus sp. 0 29 6 35 5 13 14 3 35 
Eulophidae 4 15 4 23 4 6 7 6 23 
Eupelmidae morph 2 0 0 1 1 0 1 0 0 1 
Euspilotus assimilis 675 5787 255 6717 238 3419 1857 1203 6717 
Euspilotus auctus 0 1 0 1 0 1 0 0 1 
Euspilotus azurescens 33 217 11 261 10 166 66 19 261 
Euspilotus rossi 0 1 0 1 0 0 1 0 1 
Euspilotus simulatus 1 9 3 13 2 4 6 1 13 
Eustilicus sp. 5 9 5 19 0 2 10 7 19 
Fannia scalaris 39 101 7 147 5 15 102 25 147 
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Fannia scalaris larvae 864 1171 17 2052 139 89 1556 268 2052 
Fidiobia sp. 0 1 0 1 0 1 0 0 1 
Figitidae morph 1 2 7 0 9 1 1 5 2 9 
Figitidae morph 2 1 0 0 1 0 0 1 0 1 
Figitidae morph 3 0 1 0 1 0 0 1 0 1 
Formicidae larvae 0 1 0 1 0 0 1 0 1 
Formicidae morph 17 12 3 8 23 3 2 4 14 23 
Formicidae unidentified queen 0 6 0 6 0 0 6 0 6 
Frog 2 4 0 6 0 0 1 5 6 
Fulgoridae 1 0 1 2 1 0 0 1 2 
Galerita sp. 3 6 1 10 3 0 5 2 10 
Gastropoda 7 23 8 38 12 1 17 8 38 
Geotrupes blackburnii 212 0 0 212 20 13 174 5 212 
Geotrupes splendidus 453 690 478 1621 274 150 606 591 1621 
Gonotcerus sp. 1 1 1 3 0 0 2 1 3 
Group 3 staphylinid larvae 395 170 37 602 22 108 275 197 602 
Group 4 staphylinid larvae 406 4 205 615 29 34 423 129 615 
Group 5 staphylinid larvae 6 2 12 20 0 1 19 0 20 
Gryllidae 0 3 0 3 0 2 1 0 3 
Gymnophora sp. 29 10 13 52 22 3 21 6 52 
Halthichella rhyacionia 0 1 0 1 0 0 0 1 1 
Hemerobiidae 2 2 0 4 1 2 1 0 4 
Hemileuca maia larvae 0 21 0 21 1 11 3 6 21 
Hemiptera 3 27 3 33 2 11 13 7 33 
Hermetia illucens 5 29 0 34 1 22 8 3 34 
Hermetia illucens larvae 0 652 0 652 0 643 9 0 652 
Heteronemiidae 0 2 0 2 0 0 0 2 2 
Hister abbreviatus 3 403 60 466 8 237 103 118 466 
Hister coenosus 1 3 0 4 1 1 1 1 4 
Hister depurator 408 43 50 501 60 134 232 75 501 
Histeridae larvae 1 24 0 25 6 6 12 1 25 
Homoptera 8 30 5 43 5 1 13 24 43 
Hydraena sp. 0 2 0 2 0 1 0 1 2 
Hydrophilidae 0 1 0 1 0 0 0 1 1 
Hydrophilidae larvae 0 1 0 1 0 0 0 1 1 
Hydropsychidae 19 33 2 54 5 15 29 5 54 
Hydrotaea dentipes 1 2 8 11 3 0 4 4 11 
Hydrotaea leucostoma 112 578 138 828 20 95 454 259 828 
Hydrotaea leucostoma larvae 49 1382 437 1868 9 275 1016 568 1868 
Hypogastruridae 89 1214 381 1684 72 72 549 991 1684 
Hypoponera opacior 12 8 1 21 1 2 14 4 21 
Ichneumonidae morph 1 12 74 160 246 18 34 80 114 246 
Ichneumonidae morph 2 0 12 7 19 2 4 9 4 19 
Ichneumonidae morph 3 0 4 0 4 0 0 4 0 4 
Ichneumonidae morph 4 0 1 0 1 0 0 1 0 1 
Ichneumonidae morph 5 0 1 0 1 0 0 1 0 1 
Ichneumonidae morph 6 0 3 1 4 0 0 4 0 4 
Ichneumonidae morph 7 1 0 0 1 0 0 1 0 1 
Ichneumonidae morph 8 2 
0 0 
0 0 2 2 0 0 0 2 
Ichneumonidae morph 9 0 4 0 4 1 0 3 0 4 
Idiotypa sp. 1 18 0 19 9 10 19 
Ischnosoma sp. 9 83 18 110 2 13 64 31 110 
Ishnoptera sp. 0 1 0 1 0 0 1 0 1 
Lagynodes sp. 0 5 0 5 0 0 4 1 5 
Lampyridae 0 2 2 4 0 0 1 3 4 
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(table E.1 continued) 






0 1 0 1 0 0 1 0 1 
Lasiopiophila pilosa 0 1 0 1 0 0 1 0 1 
Latridiidae morph 2 0 1 0 1 0 1 0 0 1 
Leech 0 1 1 0 0 1 0 1 
Lepidoptera 42 41 17 100 20 20 34 26 100 
Leptacis sp. 2 0 3 0 1 0 2 3 
Leptocera (Raphispoda) sp. 0 0 1 1 0 0 0 1 1 
Leptocera caenosa 349 168 492 1009 70 145 302 492 1009 
Leptocera pteremis sp. 189 333 1740 97 259 741 643 1740 
Leptothorax curvispinosus 4 3 3 10 3 2 3 2 10 
Lipoptena cervi 0 5 0 5 0 0 5 0 5 
Litus cynipseus 1 6 3 10 1 2 5 2 10 
Lizard 0 1 0 1 0 0 1 0 1 
Lycaenidae immature 0 1 0 1 0 0 1 0 1 
Lygaeidae 0 5 0 5 1 4 0 0 5 
Machillidae 3 5 0 8 1 0 0 7 8 
Megarthrus sp. 1 0 6 7 3 1 1 2 7 
Megaselia megaselia sp. 1 152 120 10 282 60 16 149 57 282 
Megaselia megaselia sp. 2 24 87 4 115 22 11 40 42 115 
Megaselia megaselia sp. 3 3 7 0 10 0 0 10 0 10 
Megaselia megaselia sp. 4 0 20 0 20 16 0 20 
Megaselia megaselia sp. 5 0 9 0 9 1 0 4 4 9 
Megaselia megaselia sp. 6 0 1 0 1 0 0 1 0 1 
Megaselia megaselia sp. 7 0 0 7 7 7 0 0 0 7 
Meinertellidae 0 1 0 1 0 0 1 0 1 
Melanolestes picipes 9 22 4 35 5 10 8 12 35 
Melanophthalma m. sp. 0 9 1 10 0 1 9 0 10 
Meroplius stercorarius 7 23 31 61 0 2 19 40 61 
Mesosphaerocera annulicornis 4 14 0 18 3 2 8 5 18 
Metopina subarcuata 3 0 3 6 0 1 5 0 6 
Monotoma fulvipes 1 43 10 54 2 30 17 5 54 
Monotomidae larvae 0 3 0 3 0 3 0 0 3 
Mordellidae 0 3 0 3 0 1 1 1 3 
Muscidifurax raptor 0 1 0 1 0 1 0 0 1 
Mushroom mites 5 2 1 8 2 0 3 3 8 
Mutillidae 0 4 1 5 1 1 3 0 5 
Mycetaulus bipunctata 2 4 0 6 0 1 3 2 6 
Mycetophilidae 16 35 1 52 5 7 35 5 52 
Myrmecina americana 0 1 1 2 1 0 1 0 2 
Nabidae 0 2 0 2 0 0 2 0 2 
Nasonia vitripennis 0 17 3 20 1 4 11 4 20 
Necrobia ruficollis 6 24 1 31 0 29 1 1 31 
Necrobia rufipes 1 10 2 13 0 6 5 2 13 
Necrobia rufipes larvae 0 26 0 26 0 10 14 2 26 
Necrodes surinamensis 9 108 1 118 0 57 44 17 118 
Necrodes surinamensis larvae 6 1861 5 1872 1 744 1075 52 1872 
Necrophila americana 2 7 0 9 1 1 7 0 9 
Necrophila americana larvae 9 9 0 18 1 0 14 3 18 
Needlenose mites 0 35 16 51 14 26 6 5 51 
Nephanes sp. 6 164 10 180 12 43 61 64 180 
Nicrophorus pustulatus 0 1 0 1 0 0 0 1 1 
Nitidotachinus sp. 1 9 2 12 1 0 6 5 12 
nitidulid larvae morph 2 0 1 0 1 1 0 0 0 1 
Oedalea sp. 0 4 0 4 0 1 3 0 4 
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Oiceoptoma inaequale 5 53 106 164 17 16 83 48 164 
Oiceoptoma inaequale larvae 17 79 573 669 67 70 387 145 669 
Oiceoptoma rugulosum 0 0 15 15 3 1 5 6 15 
Oligochaeta 25 30 9 64 18 0 29 17 64 
Omosita colon 604 10717 2606 13927 252 10133 2311 1231 13927 
Omosita colon larvae 522 5638 5939 12099 367 4501 4986 2245 12099 
Ontholestes cingulatus 1 0 2 3 0 0 2 1 3 
Onthophagus gazella 1 0 0 1 0 0 1 0 1 
Onthophagus h. hecate 112 296 1 409 28 44 287 50 409 
Onthophagus s. floridanus 0 3 0 3 1 2 0 0 3 
Onthophagus s. striatulus 1 0 0 1 0 0 1 0 1 
Onthophagus taurus 5 1 0 6 3 1 2 0 6 
Onthophilus deflectus 1 0 3 4 0 0 3 1 4 
Oosternum sp. 1 0 0 1 0 0 1 0 1 
Opatrinus minimus 0 13 0 13 0 10 2 1 13 
Ormyrus sp. 0 1 0 1 0 1 0 0 1 
Orthoptera 17 36 9 62 12 9 22 19 62 
Orus sp. 1 7 0 8 0 4 2 2 8 
Osoriinae larvae 215 238 
Otitidae 
118 
0 1 0 
218514 
16 
39 492 12 168 92 220 492 
0 3 0 3 0 0 3 0 3 
Oxytelus convergens 112 249 49 410 51 30 281 48 410 
Oxytelus pennsylvanicus 0 35 0 35 2 7 25 1 35 
Oxytelus sculptus 249 822 1189 106 80 879 124 1189 
Paederus sp. 1 0 0 0 1 1 
Palaminus sp. 1 1 0 2 0 0 1 1 2 
Pallodes pallidus 0 2 0 2 0 0 2 0 2 
Parasitidae 15007 130421 73086 16909 43704 101797 56104 218514 
Parasphaerocera nigrifemur 3 3 22 5 2 8 7 22 
Parcoblatta pennsylvanica 0 25 0 25 1 0 23 1 25 
Parcoblatta sp. 2 6 29 1 36 6 4 26 0 36 
Parcoblatta sp. 3 8 25 2 35 1 3 28 3 35 
Parcoblatta sp. 4 1 1 0 2 1 0 1 0 2 
Paromalus seminulum 0 2 1 3 0 0 1 2 3 
Pemelus costatus 0 2 0 2 0 1 0 1 2 
Pentatomidae 0 2 0 2 2 0 0 0 2 
Pericyclocera catta 11 34 1 46 24 2 10 10 46 
Pericyclocera floricola 41 107 40 188 36 26 99 27 188 
Periplaneta americana 0 1 0 1 0 0 1 0 1 
Periplaneta brunnea 0 3 0 3 0 2 1 0 3 
Phaenicia coeruleiviridis 1 0 0 1 0 1 0 0 1 
Phaenicia coeruleiviridis larvae 2109 18567 15 20691 153 1668 17607 1263 20691 
Phaenicia cuprina 0 2 0 2 0 1 1 0 2 
Phaenicia cuprina larvae 0 29 0 29 0 0 21 8 29 
Phaenicia sericata 16 4 0 20 0 15 1 4 20 
Phaenicia sericata larvae 109 3253 2 3364 24 0 3063 277 3364 
Phalacridae 0 4 0 4 1 3 0 0 4 
Phalangiidae 52 25 46 123 33 11 47 32 123 
Phanaeus p. triangularis 0 1 0 1 0 1 0 0 1 
Pheidole dentata 399 413 79 891 158 52 479 202 891 
Pheidole sitarches 131 59 25 215 47 11 126 31 215 
Phelister vernus 0 2 0 2 0 2 0 0 2 
Phenolia p. grossa 0 3 0 3 0 3 0 0 3 
Phenolia p. grossa larvae 0 1 0 1 0 0 1 0 1 
Pherbellia sp. 0 0 3 3 1 0 0 2 3 
Philonthini unidentified 1 0 0 1 0 1 0 0 1 
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Philonthus sp. 2 0 1 0 1 0 0 1 0 1 
Philonthus sp. 3 1 0 0 1 0 0 0 1 1 
Philonthus umbrinus 21 151 13 185 3 81 42 59 185 
Phlaeothripidae 15 29 898 942 9 32 98 803 942 
Phoridae larvae 41 46 21 108 8 33 18 49 108 
Phormia regina 0 63 101 164 1 43 80 40 164 
Phormia regina larvae 29 15259 2946 18234 68 9319 6782 2065 18234 
Phylophaga sp. 0 1 0 1 0 1 0 0 1 
Piophila casei 8 57 10 75 1 34 29 11 75 
Piophilidae larvae 36 1678 17 1731 0 1521 24 186 1731 
Platydema erythocerum 0 2 0 2 0 2 0 0 2 
Platydracus exulans 0 10 23 33 3 9 5 16 33 
Platydracus fossator 0 1 0 1 0 1 0 0 1 
Platydracus maculosus 23 86 60 169 32 10 59 68 169 
Platypezidae 0 1 0 1 0 1 0 0 1 
Poecilocrypticus formicophilus 0 5 0 5 0 3 2 0 5 
Poecilosomella angulata 1 2 0 3 0 2 1 0 3 
Polyxenidae 50 218 0 268 49 76 97 46 268 
Porcellio sp. 33 60 8 101 16 3 51 31 101 
Prionochaeta opaca 0 13 0 13 1 0 12 0 13 
Prochyliza xanthostoma 41 152 79 272 10 78 114 70 272 
Pseudocanthon perplexus 10 13 0 23 1 1 20 1 23 
Pseudoscorpions 2 1 1 4 0 1 2 1 4 
Psilocera sp. 1 0 0 1 0 0 1 0 1 
Psocidae 10 329 0 339 20 11 132 176 339 
Pterogramma palliceps 6 104 10 120 28 8 32 52 120 
Pterostichus sculptus 3 0 1 4 2 0 1 1 4 
Ptilodactylidae 0 3 0 3 0 1 2 0 3 
Pulicidae 0 1 0 1 0 1 0 0 1 
Puliciphora sp. 253 570 35 858 212 156 296 194 858 
Quedius capucinus 274 648 40 962 61 211 347 343 962 
Rainieria antennaepes 0 2 0 2 0 0 0 2 2 
Reduviidae 0 5 0 5 2 1 1 1 5 
Rhaphidophorinae 1 46 13 60 2 4 36 18 60 
Rhinotermitidae 0 4 7 11 0 3 7 1 11 
Rudolfia sp. 0 0 1 1 0 0 0 1 1 
Rugilus sp. 31 190 12 233 10 74 67 82 233 
Saldidae 0 3 0 3 0 2 0 1 3 
Sarcophagidae larvae 3 2 1 6 0 5 0 1 6 
Scaphisoma sp. 0 2 0 2 0 0 0 2 2 
Scaptomyza sp. 2 32 33 67 6 30 7 24 67 
Scaptopsidae 2 0 6 8 0 3 1 4 8 
Scarabaeidae larvae 4 14 0 18 0 4 2 12 18 
Scarites subterraneus 2 4 0 6 1 0 3 2 6 
Scathophaga sp. 0 0 1 1 0 1 0 0 1 
Sciaridae 187 2107 412 2706 155 350 1338 863 2706 
Sciaridae larvae 67 1 9 77 1 37 22 17 77 
Scirtidae 0 2 0 2 0 1 1 0 2 
Scolytidae 0 1 0 1 1 0 0 0 1 
Seed mites 92 234 165 491 68 132 181 110 491 
Sepedophilus sp. 1 0 0 1 0 0 1 0 1 
Sepsis vicaria 0 28 0 28 0 0 19 9 28 
Silvanidae larvae 0 28 0 28 0 14 14 0 28 
Silvanus muticus 0 1 1 2 1 0 0 1 2 
Slug 0 3 0 3 3 0 0 0 3 
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Sminthistruma sp. 0 0 2 2 0 0 1 1 2 
Sminthuridae 3181 470 14014 17665 4868 1759 8035 3003 17665 
Solenopsis invicta 454 3659 230 4343 115 3099 900 229 4343 
Solenopsis molesta 80 580 17 677 42 321 299 15 677 
Spalangia cameroni 0 2 0 2 0 0 2 0 2 
Spalangia nigra 2 26 1 29 1 5 19 4 29 
Spalangiolaelaps argenticoxa 0 1 0 1 0 1 0 0 1 
Sphaerocera curvipes 0 2 0 2 1 0 1 0 2 
Sphaerocera sp. 0 2 0 2 0 1 0 1 2 
Sphex sp. 0 1 0 1 0 0 0 1 1 
Sphingidae 0 1 0 1 0 1 0 0 1 
Spinilimosina brevicostata 0 0 13 13 0 5 2 6 13 
Staphylinidae larvae 597 1128 90 1815 105 269 1008 433 1815 
Stearibia nigriceps 24 769 223 1016 6 602 229 179 1016 
Stelidota geminata 1 75 2 78 3 45 24 6 78 
Stelidota octomaculata 1 37 3 41 8 16 10 7 41 
Stelidota sp. larvae 0 3 0 3 0 3 0 0 3 
Stictocranius puncticeps 0 1 2 3 1 1 0 1 3 
Stilpon limitaris 7 164 7 178 7 27 89 55 178 
Strawberry mites 2 7 1 10 3 0 3 4 10 
Strumigenys louisianae 9 2 0 11 3 1 4 3 11 
Super tiny Aleocharine 19 50 8 77 6 18 40 13 77 
Sycophila sp. 0 1 0 1 0 1 0 0 1 
Systellogaster ovivora 0 4 0 4 1 0 3 0 4 
Tachinus axillaris 44 20 271 335 37 78 67 153 335 
Tachypeza sp. 0 13 0 13 3 0 1 9 13 
Telenomus sp. 0 3 2 5 0 3 1 1 5 
Telmatoscopus superbus 6 20 6 32 9 4 8 11 32 
Tenebrionidae larvae 0 3 0 3 0 0 3 0 3 
Tenebrionidae morph 5 0 2 0 2 0 2 0 0 2 
Tenebrionidae morph 6 0 1 0 1 0 0 0 1 1 
Tenebrionidae morph 7 0 3 0 3 1 1 0 1 3 
Tenthredinidae 0 1 0 1 0 0 1 0 1 
Teratembiidae 1 1 0 2 2 0 0 0 2 
Tetramorium caespitum 4 3 5 12 8 0 4 0 12 
Tetramorium rugiventris 12 32 12 56 10 3 25 18 56 
Tetrigidae 0 2 0 2 0 0 1 1 2 
Thamiaraea lira 167 586 114 867 33 420 303 111 867 
Thoracophorus costalis 0 2 0 2 1 0 1 0 2 
Threticus sp. 1 13 52 66 6 20 10 30 66 
Thripidae 1 11 287 299 280 1 17 1 299 
Tipulidae 9 36 16 61 17 17 18 9 61 
Trachymyrmex s. obscurior 15 20 0 35 6 1 24 4 35 
Trichogrammatidae morph 1 0 0 1 1 0 1 0 0 1 
Trichopria sp. 3 25 3 31 0 9 10 12 31 
Trimicrops sp. 0 2 0 2 0 0 0 2 2 
Trimorus sp. 2 26 23 51 5 8 19 19 51 
Triplax sp. 1 0 0 1 0 1 0 0 1 
Trox foveicollis 32 52 5 89 12 3 65 9 89 
Trox punctatus 1 112 3 116 2 21 57 36 116 
Trox suberosus 10 38 3 51 3 35 8 5 51 
Trox unistriatus 0 0 1 1 0 0 1 0 1 
Trox variolatus 0 0 10 10 0 2 7 1 10 
unidentied Diptera larvae 0 34 0 34 2 0 26 6 34 
Vespula maculifrons 1 1 0 2 0 1 0 1 2 





(table E.1 continued) 
Woodiphora magnipalpis 0 0 2 0 2 0 0 2 
Xestipyge geminatum 0 0 1 1 0 0 1 0 
Xylopinus saperdioides 0 1 0 1 0 0 0 1 1 
Total 77112 257624 116300 451036 49114 107136 197539 97247 451036 
. 
APPENDIX F 
SELECTED DIVERSITY DATA 
 Selected data from Shannon’s Diversity Index and Pielou’s J (species evenness).  
These data represent results for the interactions season*stage and season*stage*type 
interactions for Shannon’s and season*stage*type for Pielou’s J. 
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Table F.1.  Estimates for Shannon’s Diversity for season by stage interaction for all 
21 animal carcasses.            
Season Stage Shannon’s Estimate Standard Error 
Tukey-Kramer 
(P < 0.05) 
Fall Bloat 2.2588 0.2001 A 
Spring Advanced 2.132 0.1138 A 
Spring Dry 2.0988 0.1106 A 
Spring Active 2.0609 0.1014 A 
Spring Bloat 1.9918 0.1291 A 
Fall Dry 1.9392 0.1558 AB 
Fall Advanced 1.8683 0.1132 AB 
Fall Active 1.8284 0.1443 AB 
Winter Active 1.8019 0.2041 AB 
Winter Advanced 1.6085 0.1877 AB 
Winter Bloat 1.4964 0.07505 B 
Winter Dry . . . 
 
Table F.2.  Estimates for Shannon’s Diversity for season by stage by animal type 
interaction for all 21 animal carcasses. 
Season Type Stage Shannon's Estimate Standard Error 
Tukey-Kramer (P 
< 0.05) 
Fall Bear Advanced 2.5539 0.2264 A 
Fall Deer Bloat 2.4481 0.3202 ABC 
Spring Swine Active 2.3516 0.2264 AD 
Spring Der Advanced 2.2939 0.2264 AB 
Fall Swine Active 2.292 0.3922 ABC 
Fall Swine Bloat 2.2483 0.3922 ABC 
Spring Bear Advanced 2.2474 0.1672 AD 
Fall Alligator Bloat 2.2166 0.2773 ABC 
Spring Swine Advanced 2.2088 0.2264 ABC 
Spring Deer Dry 2.1882 0.09961 A 
Spring Bear Dry 2.177 0.3922 ABC 
Winter Bear Active 2.1649 0.5546 ABC 
Fall Bear Bloat 2.1222 0.5546 ABC 
Spring Bear Bloat 2.1076 0.2264 ABC 
Spring Deer Bloat 2.0831 0.248 ABC 
Spring Bear Active 2.0738 0.2096 ABC 
Spring Swine Bloat 2.0544 0.2773 ABC 
Spring Swine Dry 2.0194 0.1067 AD 
Fall Alligator Dry 2.0172 0.1538 ABC 
Spring Alligator Dry 2.0104 0.1432 ABC 
Fall Alligator Active 2.0094 0.2773 ABC 
Fall Swine Dry 2.0067 0.2096 ABC 
Winter Deer Advanced 1.9966 0.3202 ABC 
Spring Alligator Active 1.9568 0.1961 ABC 
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(table F.2 continued) 
Fall Deer Dry 1.9398 0.1156 ABC 
Winter Deer Dry 1.9396 0.1849 ABC 
Spring Deer Active 1.8613 0.1754 ABC 
Winter Bear Bloat 1.8548 0.1961 ABC 
Fall Deer Advanced 1.8494 0.1601 ABC 
Fall Deer Active 1.8303 0.2264 ABC 
Fall Bear Dry 1.7929 0.5546 ABC 
Spring Alligator Advanced 1.7778 0.2773 ABC 
Winter Deer Active 1.7362 0.2264 ABC 
Spring Alligator Bloat 1.7219 0.2773 ABC 
Fall Alligator Advanced 1.7019 0.2264 ABC 
Winter Bear Advanced 1.6616 0.3922 ABC 
Winter Alligator Active 1.6615 0.3922 ABC 
Winter Swine Active 1.6452 0.3922 ABC 
Winter Swine Bloat 1.6355 0.1156 ABC 
Winter Alligator Advanced 1.4798 0.3922 ABC 
Fall Swine Advanced 1.368 0.2773 ABC 
Winter Alligator Bloat 1.3062 0.121 BC 
Winter Swine Advanced 1.296 0.3922 ABC 
Winter Deer Bloat 1.1891 0.1538 C 
Fall Bear Active 1.182 0.2264 BCD 
Winter Alligator Dry 1.1577 0.3922 ABC 
Winter Swine Dry 0.9331 0.3922 ABC 
 
Table F.3.  Estimates for Pielou’s J for season by stage by animal type interaction 
for all 21 animal carcasses. 
Season Type Stage Estimate Standard Error Tukey-Kramer (P < 0.05) 
Spring Deer Bloat 0.8847 0.07028 A 
Spring Swine Bloat 0.8373 0.07762 AB 
Fall Alligator Bloat 0.8011 0.07762 ABC 
Spring Alligator Bloat 0.8004 0.07762 ABC 
Spring Bear Bloat 0.7944 0.0689 ABC 
Spring Alligator Active 0.7525 0.05733 ABC 
Fall Bear Bloat 0.7342 0.1517 ABCD 
Spring Swine Active 0.7253 0.0648 ABC 
Fall Deer Bloat 0.7009 0.08757 ABCD 
Winter Swine Bloat 0.6835 0.0388 ABC 
Winter Bear Bloat 0.6781 0.06192 ABCD 
Fall Deer Active 0.6767 0.06425 ABCD 
Fall Swine Bloat 0.6704 0.1098 ABCD 
Fall Alligator Active 0.6702 0.07762 ABCD 
Fall Bear Advanced 0.6658 0.0689 ABCD 
Winter Deer Active 0.6564 0.06596 ABCD 
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Winter Alligator Bloat 0.6517 0.03997 ABCD 
Fall Swine Active 0.6414 0.1098 ABCD 
Winter Deer Advanced 0.6269 0.08882 ABCD 
Fall Alligator Dry 0.6047 0.04727 ABCD 
Spring Alligator Dry 0.6025 0.04483 ABCD 
Spring Swine Advanced 0.594 0.0648 ABCD 
Spring Alligator Advanced 0.5808 0.07762 ABCD 
Spring Deer Advanced 0.5737 0.0648 ABCD 
Fall Swine Dry 0.5537 0.065 ABCD 
Spring Bear Dry 0.5529 0.1098 ABCD 
Winter Bear Active 0.5402 0.1517 ABCD 
Spring Bear Advanced 0.5344 0.05556 ABCD 
Spring Swine Dry 0.5336 0.03687 BCD 
Fall Deer Dry 0.532 0.03645 BCD 
Spring Deer Active 0.5302 0.05233 BCD 
Spring Bear Active 0.529 0.065 ABCD 
Spring Deer Dry 0.5252 0.0357 BCD 
Winter Deer Dry 0.5208 0.05465 BCD 
Fall Deer Advanced 0.519 0.0469 BCD 
Winter Deer Bloat 0.4925 0.04829 BCD 
Fall Alligator Advanced 0.4914 0.0648 BCD 
Winter Alligator Active 0.4782 0.1073 ABCD 
Fall Bear Dry 0.4495 0.1517 ABCD 
Winter Swine Active 0.4132 0.1073 ABCD 
Winter Bear Advanced 0.3947 0.1098 ABCD 
Fall Swine Advanced 0.3908 0.08107 BCD 
Winter Alligator Advanced 0.3747 0.1073 ABCD 
Fall Bear Active 0.3441 0.0689 D 
Winter Swine Advanced 0.3189 0.1073 BCD 
Winter Alligator Dry 0.2895 0.1073 CD 





SELECTED PRINCIPLE COMPONENT ANALYSIS DATA 
 
 Selected data for the first nine factors from principle component analysis 
performed on all 21 animal carcasses studied during three seasons. 
 
 181
Table G.1.  Significant taxa and biological information for the first nine factors 
from principle component analysis (PCA).  Factor scores greater than 0.3162 were 
significant. 
Factor 1 Taxa Factor Score Biological Information 
 Ahasverus rectus 0.78729 
Aleochara lustrica 0.66136 




Anotylus insignitus 0.81107 
 Anotylus sp. 2 0.3459 
 Araneae 0.35631 
 Bethylidae 0.3749 
 Braconidae 0.50077 
 Camponotus americanus 0.3854 
 Carcinops pumilio 0.63562 
 Carpophilus freemani 0.56117 
 Conicera h. barberi 0.3184 
 Corylophidae 0.38744 
 Crematogaster pilosa 0.3435 
Taxa associated predominantly with spring bear 
and deer carrion in advanced and dry stages of 
decomposition.  Most species were not collected 
during early decomposition at any carrion type; 
many were collected in limited numbers or not at 
all at alligator.   
 Dermestes caninus 0.58743   
 Dermestes caninus larvae 0.56512   
 Diapriidae 0.35551   
 Dohrniphora sp. 0.32418   
 Euconnus sp. 0.44245   
 Euspilotus assimilis 0.65109   
 Euspilotus simulatus 0.36719   
 Geotrupes splendidus 0.32674   
 Hister abbreviatus 0.77037   
 Leptocera pteremis sp. 0.32312   
 Megaspilidae 0.45077   
 Melanolestes picipes 0.35042   
 Monotoma fulvipes 0.68083   
 Necrobia rufipes 0.38612   
 Necrobia rufipes larvae 0.53993   
 Nitidulidae 0.36269   
 Omosita colon 0.69503   
 Omosita colon larvae 0.42962   
 Onthophagus h. hecate 0.41977   
 Oxytelus convergens 0.3175   
 Oxytelus sculptus 0.34745   
 Pericyclocera floricola 0.35565   
 Philonthus umbrinus 0.52714   
 Piophilidae larvae 0.35404   
 Polyxenidae 0.77518   
 Psocidae 0.325   
 Pteromalidae 0.44445   
 Ptiliidae 0.6045   
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 Rugilus sp. 0.68783   
 Silvanidae larvae 0.51642   
 Solenopsis invicta 0.61209   
 Solenopsis m. molesta 0.4951   
 Stelidota geminata 0.69597   
 Stelidota octomaculata 0.34024   
 Stilpon limitaris 0.47764   
 Super tiny Aleocharine 0.33857   
 Telmatoscopus superbus 0.66443   
 Tetramorium rugiventris 0.774   
 Trox foveicollis 0.51912   
 Trox punctatus 0.55298   
Factor 2 Taxa Factor Score Biological Information 
 Aleochara lata 0.68152 
Ataenius platensis 0.41296 




Geotrupes splendidus 0.38196 
 Group 4 staphylinid larvae 0.33921 
 Hydrotaea leucostoma 0.3889 
 Ichneumonidae 0.81626 
 Leptocera caenosa 0.7815 
 Leptocera pteremis sp. 0.46179 
 Meroplius stercorarius 0.71441 
 Oiceoptoma inaequale larvae 0.38121 
 Omosita colon larvae 0.37928 
 Phormia regina 0.57913 
 Platydracus exulans 0.73004 
 Platydracus maculosus 0.51149 
 Polyxenidae -0.32051 
Taxa largely associated with winter deer and 
swine carrion in active (minimally), advanced, 
and dry stages of decomposition.  Some taxa 
displayed seasonal overlap of fall into winter or 
winter into spring.  Abundance of these taxa 
were generally lowest at bear and alligator 
carcasses.  (Polyxenidae was not collected 
during the winter season (i.e., -0.32051). 
 Prochyliza xanthostoma 0.67016   
 Sphaeroceridae 0.50646   
 Spinilimosina brevicostata 0.61443   
 Stearibia nigriceps 0.44804   
 Tachinus axillaris 0.73143   
 Thamiaraea lira 0.45797   
Factor 3 Taxa Factor Score Biological Information 
 Anotylus sp. 2 0.36545      
Blattellidae 0.41979   




Carpophilus freemani -0.46161   
 Ceraphronidae 0.3965   
 Chilopoda 0.34661   
 Conicera h. barberi 0.51029   
 Dermestes caninus -0.4274   
 Diapriidae 0.32868   
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 Dohrniphora sp. 0.33864 
 Euspilotus assimilis -0.45606 
 Hister abbreviatus -0.32371 
 Ischnosoma sp. 0.45538 
 Megaselia megaselia sp. 1 0.34801 
 Omosita colon -0.44276 
 Onthophagus h. hecate 0.55788 
 Oxytelus convergens 0.52819 
 Oxytelus sculptus 0.55014 
 Pericyclocera floricola 0.4276 
 Piophilidae larvae -0.34535 
 Prionochaeta opaca 0.42435 
 Pseudocanthon perplexus 0.39045 
Most taxa of this factor are polarized 
between species representing spring 
deer in dry decomposition (positive 
values) and spring bear carrion in 
advanced decay (negative values).  
Some taxa were collected in fall and 
winter, yet not as regularly or as 
abundantly.  Only two taxa were never 
collected at alligator carrion, with all 
others collected in fewer numbers. 
 Psocidae 0.45763   
 Pteromalidae 0.31955   
 Solenopsis invicta -0.31837   
 Stilpon limitaris 0.33398   
 Telmatoscopus superbus -0.37092   
 Trachymyrmex s. obscurior 0.34911   
 Trox punctatus -0.39947   
Factor 4 Taxa Factor Score Biological Information 
 Conicera h. barberi -0.36726 
Euspilotus azurescens -0.3694 




Necrodes surinamensis larvae -0.4365 
 Omosita colon larvae 0.32633 
 Ptiliidae -0.33686 
 Quedius capucinus -0.38541 
Taxa associated with deer, bear, and swine of 
mostly spring season in active, advanced, and 
some dry decay.  Alligator carrion attracted 
fewest specimens for all but two taxa.  (The two 
positive taxa were collected in similar numbers 
for all three seasons; negative taxa strong spring 
influence.)  
Factor 5 Taxa Factor Score Biological Information 
 Creophilus maxillosus 0.49638 
Fannia scalaris 0.35362 




Hydrotaea leucostoma 0.54309 
 Oxytelus convergens -0.37033 
 Oxytelus sculptus -0.3744 
 Phaenicia coeruleiviridis larvae 0.3215 
 Piophila casei 0.3745 
 Trox foveicollis 0.3499 
Most taxa dominant during active decay in 
spring (fall secondarily) at deer and then swine 
and bear carrion (positive values).  Negative taxa 
were most abundant during dry decay of spring 
then fall and winter.  Alligator carcasses 
attracted fewest specimens for 5 of the taxa. 
Factor 6 Taxa Factor Score Biological Information 
 Blattellidae 0.32186 
Ceraphronidae -0.34807 




Dohrniphora sp. 0.33513 
 Hydrotaea leucostoma 0.35285 
 Necrodes surinamensis larvae -0.38694 
Interpretation is difficult, but these taxa were 
largely associated with mammal species (though 
alligator carrion did attract specimens from all 
taxa) of the spring season in active (minimally), 
advanced, and dry decay.  Signficance of 
positive and negative values is not decisive.   
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 Prionochaeta opaca 0.31646   
 Pseudocanthon perplexus 0.3212   
 Ptiliidae -0.35437   
 Scaptomyza sp. -0.42903   
Factor 7 Taxa Factor Score Biological Information 
  Fannia scalaris larvae 0.42494 
Hister depurator 0.37578 




Prochyliza xanthostoma 0.32069 
 Staphylininae larvae 0.35561 
These taxa were associated with deer of spring, 
fall, and then winter during mostly advanced and 
dry decay.  Collections of these taxa were 
similar at the other three animal types. 
Factor 8 Taxa Factor Score Biological Information 
 Aphodius bicolor 0.52965 
Geotrupes blackburnii 0.33957 




Hister depurator 0.40622 
 Megaselia megaselia sp. 1 0.36469 
 Osoriinae larvae 0.36715 
 Quedius capucinus 0.43641 
Taxa associated with fall deer in advanced to dry 
decay.   
Factor 9 Taxa Factor Score Biological Information 
  Carpophilus freemani -0.35692 
Dermestes caninus larvae 0.3324 




Hermetia illucens larvae -0.40174 
 Necrobia ruficollis -0.36071 
 Piophilidae larvae -0.40557 
 Stelidota octomaculata 0.33075 
   
      
Taxa associated with spring bear in advanced 
and dry decay (negative values); or taxa 
associated with non-spring, non-bear, and early 
stages of decomposition.  Dermestes caninus 
larvae (positive) was also common during 
advanced and dry decay and was collected more 
often at bear.  Yet, D. caninus was collected 1/3 
of the time in winter with other taxa found in 






SELECTED DISCRIMINANT ANALYSES DATA 
Selected data from three discriminant analyses: Proc StepDisc, Proc CanDisc, 
Proc CanCorr.  Specific names for the 50 taxa identified in the Stepwise procedure are 




Table H.1.  Stepwise selection summary of Proc StepDisc procedure performed 
using final dataset of 167 taxa (T1-167).  50 taxa were identified as significant for 
discriminating power. 
Stepwise Selection Summary 
Step Number In Entered Removed Partial R-Squared F Value Pr > F 
1 1 T40  0.2191 32.36 <.0001 
2 2 T137  0.0918 11.63 <.0001 
3 3 T101  0.0841 10.53 <.0001 
4 4 T58  0.0825 10.27 <.0001 
5 5 T50  0.0697 8.54 <.0001 
6 6 T54  0.0602 7.28 <.0001 
7 7 T57  0.0579 6.97 0.0001 
8 8 T106  0.053 6.33 0.0003 
9 9 T26  0.0503 5.96 0.0006 
10 10 T139  0.0454 5.34 0.0013 
11 11 T22  0.0447 5.24 0.0015 
12 12 T66  0.0422 4.92 0.0023 
13 13 T159  0.039 4.52 0.004 
14 14 T113  0.0377 4.34 0.0051 
15 15 T27  0.0372 4.27 0.0056 
16 16 T34  0.0352 4.02 0.0078 
17 17 T109  0.0331 3.77 0.011 
18 18 T13  0.0318 3.6 0.0139 
19 19 T61  0.031 3.5 0.0159 
20 20 T71  0.032 3.6 0.0139 
21 21 T91  0.0298 3.34 0.0195 
22 22 T132  0.0284 3.17 0.0247 
23 23 T120  0.026 2.88 0.036 
24 22  T27 0.014 1.54 0.2048 
25 23 T30  0.0256 2.83 0.0383 
26 24 T80  0.0248 2.74 0.0433 
27 25 T144  0.0254 2.8 0.0403 
28 26 T3  0.0244 2.67 0.0474 
29 27 T88  0.0258 2.83 0.0386 
30 28 T166  0.0306 3.36 0.019 
31 27  T40 0.0115 1.24 0.2967 
32 28 T145  0.0316 3.47 0.0165 
33 29 T21  0.023 2.49 0.06 
34 30 T9  0.0227 2.45 0.0634 
35 31 T142  0.024 2.59 0.0532 
36 32 T117  0.0236 2.54 0.0567 
37 33 T11  0.023 2.47 0.0623 
38 34 T167  0.0218 2.33 0.0747 
39 35 T96  0.0227 2.42 0.0661 
40 36 T111  0.0226 2.39 0.0686 
41 37 T43  0.0219 2.31 0.076 
42 38 T140  0.0206 2.17 0.0918 
43 39 T93  0.0232 2.44 0.0646 
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44 40 T39  0.0214 2.24 0.0834 
45 41 T33  0.0201 2.09 0.1017 
46 42 T152  0.0228 2.38 0.0702 
47 43 T56  0.0214 2.22 0.0857 
48 44 T10  0.0207 2.13 0.0965 
49 45 T136  0.019 1.95 0.1215 
50 46 T148  0.0224 2.3 0.0779 
51 47 T103  0.0238 2.43 0.065 
52 48 T40  0.0201 2.05 0.1076 
53 49 T38  0.0193 1.95 0.1215 
54 50 T127   0.018 1.82 0.1442 
 
Table H.2.  ‘Between Canonical Structure’ for canonical discriminant analysis (Proc 
CanDisc) for canonical correlation 1 (Can 1).  Bolded values indicate significant 
taxa. 
Species Taxon # Canonical correlation 1 (Can 1)
Megaselia megaselia sp. 1 T80 -0.917041 
Megaselia megaselia spp. T81 -0.869211 
Pheidole dentata T116 -0.865909 
Phalangiidae T115 -0.847441 
Copris minutus T33 -0.826832 
Pheidole sitarches T117 -0.752677 
Tetramorium rugiventris T160 -0.711743 
Parasphaerocera nigrifemur T108 -0.706148 
Hydrotaea dentipes T70 -0.704263 
Figitidae T55 -0.684117 
Aphodius rusicola T10 -0.672128 
Trachymyrmex s. obscurior T163 -0.668972 
Sepsis vicaria T141 -0.660772 
Necrophila americana larvae T93 -0.652266 
Phaenicia cuprina larvae T112 -0.649461 
Trox foveicollis T164 -0.642725 
Nitidotachinus sp. T94 -0.633505 
Drapetis sp. T45 -0.598422 
Fannia scalaris larvae T54 -0.590038 
Apocephalus m. borealis T11 -0.583765 
Group 4 staphylinid larvae T60 -0.573693 
Platydracus maculosus T127 -0.573025 
Oiceoptoma inaequale T96 -0.564875 
Phaenicia sericata larvae T114 -0.547914 
Conicera h. barberi T32 -0.544448 
Ateuchus histeroides T14 -0.53369 
Geotrupes splendidus T58 -0.532051 
Mymaridae T87 -0.524042 
Prionochaeta opaca T129 -0.522528 
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Oxytelus convergens T104 -0.520935 
Chilopoda T28 -0.502162 
Oiceoptoma rugulosum T98 -0.497221 
Mesosphaerocera annulicornis T85 -0.495793 
Oxytelus sculptus T106 -0.495675 
Hypoponera opacior T73 -0.49096 
Pericyclocera floricola T110 -0.472763 
Psocidae T132 -0.461898 
Blattellidae T16 -0.450727 
Pseudocanthon perplexus T131 -0.447507 
Oiceoptoma inaequale larvae T97 -0.441439 
Formicidae T56 -0.436689 
Deltochilum g. gibbosum T39 -0.420286 
Geotrupes blackburnii T57 -0.414169 
Coproica sp. 2 T34 -0.410967 
Gymnophora sp. T62 -0.401592 
Aphodius rubeolus T9 -0.397608 
Fannia scalaris T53 -0.395983 
Group 5 staphylinid larvae T61 -0.395918 
Onthophagus h. hecate T101 -0.381756 
Phaenicia coeruleiviridis larvae T111 -0.381299 
Hydrotaea leucostoma T71 -0.379424 
Camponotus pennsylvanicus T22 -0.37807 
Eucoilidae T46 -0.357782 
Pterogramma palliceps T133 -0.35248 
Camponotus americanus T21 -0.342553 
Anotylus sp. 2 T7 -0.342293 
Ischnosoma sp. T75 -0.324185 
Meroplius stercorarius T84 -0.322115 
Eustilicus sp. T52 -0.298552 
Leptothorax curvispinosus T79 -0.283529 
Ceraphronidae T27 -0.234367 
Pericyclocera catta T109 -0.230078 
Stilpon limitaris T152 -0.228917 
Staphylininae larvae T148 -0.227301 
Pteromalidae T134 -0.225166 
Strumigenys louisianae T153 -0.214754 
Hydrotaea leucostoma larvae T72 -0.214304 
Colenis impunctata T31 -0.210069 
Myrmica brevispinosa T159 -0.206914 
Araneae T12 -0.165736 
Scelionidae T140 -0.161432 
Latridiidae T76 -0.1428 
Telmatoscopus superbus T157 -0.12349 
Leptocera caenosa T77 -0.113618 
Leptocera pteremis sp. T78 -0.110566 
Aphodius bicolor T8 -0.100731 
Ichneumonidae T74 -0.092102 
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Group 3 staphylinid larvae T59 -0.042156 
Corylophidae T35 -0.02919 
Trox punctatus T165 -0.009314 
Phormia regina T121 -0.001696 
Tachypeza sp. T156 0.004023 
Puliciphora sp. T136 0.047883 
Trox variolatus T167 0.066016 
Super tiny Aleocharine T154 0.085479 
Diapriidae T42 0.09949 
Bethylidae T15 0.102099 
Oxytelus pennsylvanicus T105 0.112204 
Sphaeroceridae T145 0.198222 
Quedius capucinus T137 0.21615 
Tachinus axillaris T155 0.278364 
Piophilidae T124 0.293315 
Phoridae T119 0.293801 
Platydracus exulans T126 0.302303 
Cryptophagidae T38 0.30395 
Chrysomya rufifaces larvae T29 0.326527 
Dohrniphora sp. T44 0.342618 
Onthophagus spp. T102 0.343154 
Phoridae larvae T120 0.359179 
Calliphoridae larvae T20 0.361181 
Crematogaster pilosa T36 0.393097 
Carabidae T23 0.402436 
Histeridae larvae T68 0.41546 
Osoriinae larvae T103 0.471972 
Threticus sp. T162 0.486373 
Braconidae T17 0.495079 
Creophilus maxillosus T37 0.511628 
Euspilotus simulatus T51 0.515054 
Necrodes surinamensis larvae T92 0.519376 
Prochyliza xanthostoma T130 0.525976 
Ptiliidae T135 0.570395 
Nitidulidae T95 0.574883 
Catops simplex T26 0.577658 
Hister depurator T66 0.577757 
Staphylininae T147 0.579361 
Ataenius platensis T13 0.585026 
Melanolestes picipes T83 0.594732 
Spinilimosina brevicostata T146 0.616795 
Necrobia rufipes larvae T90 0.61726 
Diplopoda T43 0.625009 
Hydrophilidae T69 0.626371 
Omosita colon larvae T100 0.632496 
Rugilus sp. T138 0.641569 
Aleochara lata T3 0.647899 
Phormia regina larvae T122 0.658668 
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Anotylus insignitus T6 0.6854 
Silvanidae larvae T142 0.687389 
Paederinae T107 0.692599 
Aleochara lustrica T4 0.721407 
Megaspilidae T82 0.739089 
Calliphoridae flies T19 0.754233 
Solenopsis m. molesta T144 0.791325 
Euconnus sp. T47 0.793748 
Ahasverus rectus T2 0.802556 
Philonthus umbrinus T118 0.80301 
Eulophidae T48 0.803129 
Aleodorus sp. T5 0.81566 
Cochliomyia macellaria larvae T30 0.832154 
Necrobia rufipes T89 0.833004 
Piophila casei T123 0.836251 
Necrodes surinamensis T91 0.838846 
Scaptomyza sp. T139 0.856584 
Hister abbreviatus T65 0.873519 
Thamiaraea lira T161 0.881 
Dermestes caninus larvae T41 0.890273 
Monotoma fulvipes T86 0.894969 
Stelidota geminata T150 0.896662 
Euspilotus assimilis T49 0.905944 
Histeridae T67 0.90706 
Stearibia nigriceps T149 0.921534 
Euspilotus azurescens T50 0.927271 
Polyxenidae T128 0.929204 
Phaenicia sericata T113 0.938734 
Hermetia illucens T63 0.939179 
Calliphora vicina larvae T18 0.943795 
Solenopsis invicta T143 0.948609 
Omosita colon T99 0.954604 
Tenebrionidae T158 0.960071 
Dermestes caninus T40 0.966534 
Acontistoptera melanderi T1 0.968446 
Carpophilus freemani T25 0.971099 
Trox suberosus T166 0.971273 
Necrobia ruficollis T88 0.972237 
Piophilidae larvae T125 0.97241 
Hermetia illucens larvae T64 0.974462 
Carcinops pumilio T24 0.983607 
Stelidota octomaculata T151 0.998844 
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Table H.3.  ‘Between Canonical Structure’ for canonical discriminant analysis (Proc 
CanDisc) for canonical correlation 2 (Can 2).  Bolded values indicate significant 
taxa. 
Species Taxon # Canonical correlation 2 (Can2)
Tachypeza sp. T156 -0.968041 
Telmatoscopus superbus T157 -0.956791 
Pterogramma palliceps T133 -0.933986 
Platydracus exulans T126 -0.826225 
Strumigenys louisianae T153 -0.819501 
Tachinus axillaris T155 -0.819127 
Oiceoptoma rugulosum T98 -0.814001 
Eucoilidae T46 -0.786482 
Ateuchus histeroides T14 -0.767621 
Threticus sp. T162 -0.762799 
Platydracus maculosus T127 -0.758061 
Ceraphronidae T27 -0.750707 
Phoridae larvae T120 -0.736193 
Leptocera caenosa T77 -0.723718 
Geotrupes splendidus T58 -0.720508 
Meroplius stercorarius T84 -0.71926 
Parasphaerocera nigrifemur T108 -0.703036 
Hydrotaea dentipes T70 -0.689471 
Melanolestes picipes T83 -0.684594 
Ichneumonidae T74 -0.643478 
Psocidae T132 -0.638662 
Tetramorium rugiventris T160 -0.636772 
Osoriinae larvae T103 -0.636273 
Copris minutus T33 -0.562056 
Formicidae T56 -0.559285 
Diapriidae T42 -0.558066 
Ataenius platensis T13 -0.541139 
Aleochara lata T3 -0.539405 
Nitidotachinus sp. T94 -0.538683 
Puliciphora sp. T136 -0.519553 
Quedius capucinus T137 -0.509134 
Spinilimosina brevicostata T146 -0.49388 
Leptocera pteremis sp. T78 -0.484688 
Eulophidae T48 -0.483817 
Araneae T12 -0.415 
Scelionidae T140 -0.400033 
Scaptomyza sp. T139 -0.380094 
Megaselia megaselia spp. T81 -0.371983 
Rugilus sp. T138 -0.366701 
Calliphoridae flies T19 -0.356016 
Phalangiidae T115 -0.343676 
Pericyclocera catta T109 -0.335634 
Drapetis sp. T45 -0.31065 
Mesosphaerocera annulicornis T85 -0.277653 
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Philonthus umbrinus T118 -0.247918 
Creophilus maxillosus T37 -0.210967 
Paederinae T107 -0.208925 
Ptiliidae T135 -0.186761 
Cryptophagidae T38 -0.184074 
Oiceoptoma inaequale T96 -0.162305 
Group 3 staphylinid larvae T59 -0.147496 
Eustilicus sp. T52 -0.133941 
Trox punctatus T165 -0.122622 
Phaenicia sericata T113 -0.12182 
Phaenicia cuprina larvae T112 -0.105914 
Mymaridae T87 -0.069071 
Hister abbreviatus T65 -0.066892 
Stilpon limitaris T152 -0.06436 
Leptothorax curvispinosus T79 -0.061974 
Chrysomya rufifaces larvae T29 -0.034479 
Sepsis vicaria T141 -0.030807 
Hydrotaea leucostoma T71 -0.011878 
Stelidota octomaculata T151 0.026561 
Piophilidae larvae T125 0.036076 
Tenebrionidae T158 0.037338 
Deltochilum g. gibbosum T39 0.046437 
Ischnosoma sp. T75 0.04859 
Sphaeroceridae T145 0.06601 
Prochyliza xanthostoma T130 0.07576 
Camponotus americanus T21 0.078535 
Braconidae T17 0.087849 
Stearibia nigriceps T149 0.093023 
Chilopoda T28 0.098008 
Euspilotus assimilis T49 0.108641 
Carabidae T23 0.110614 
Trox suberosus T166 0.111129 
Hydrotaea leucostoma larvae T72 0.118442 
Necrobia ruficollis T88 0.122219 
Aphodius rusicola T10 0.132104 
Hermetia illucens larvae T64 0.136559 
Omosita colon T99 0.138164 
Carpophilus freemani T25 0.139869 
Dermestes caninus T40 0.14525 
Staphylininae T147 0.147018 
Histeridae T67 0.149627 
Myrmica brevispinosa T159 0.150331 
Carcinops pumilio T24 0.156803 
Phormia regina T121 0.158957 
Aleochara lustrica T4 0.174808 
Gymnophora sp. T62 0.179227 
Coproica sp. 2 T34 0.194289 
Hermetia illucens T63 0.196693 
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Solenopsis invicta T143 0.204316 
Aleodorus sp. T5 0.224134 
Piophila casei T123 0.235624 
Necrobia rufipes T89 0.236417 
Calliphora vicina larvae T18 0.237249 
Thamiaraea lira T161 0.244408 
Euspilotus azurescens T50 0.247183 
Acontistoptera melanderi T1 0.248871 
Necrodes surinamensis T91 0.26311 
Monotoma fulvipes T86 0.287648 
Diplopoda T43 0.294671 
Stelidota geminata T150 0.297679 
Omosita colon larvae T100 0.306183 
Polyxenidae T128 0.310072 
Staphylininae larvae T148 0.315374 
Piophilidae T124 0.339953 
Dermestes caninus larvae T41 0.343092 
Oiceoptoma inaequale larvae T97 0.35528 
Pheidole dentata T116 0.361762 
Hydrophilidae T69 0.395027 
Megaselia megaselia sp. 1 T80 0.397117 
Catops simplex T26 0.397196 
Figitidae T55 0.419189 
Phormia regina larvae T122 0.443696 
Ahasverus rectus T2 0.468781 
Group 4 staphylinid larvae T60 0.517074 
Solenopsis m. molesta T144 0.528804 
Cochliomyia macellaria larvae T30 0.545987 
Anotylus insignitus T6 0.547762 
Megaspilidae T82 0.552728 
Necrobia rufipes larvae T90 0.555885 
Euconnus sp. T47 0.56579 
Hypoponera opacior T73 0.565928 
Necrophila americana larvae T93 0.583991 
Pteromalidae T134 0.588195 
Silvanidae larvae T142 0.598573 
Corylophidae T35 0.599555 
Onthophagus spp. T102 0.603115 
Hister depurator T66 0.61888 
Fannia scalaris T53 0.634069 
Fannia scalaris larvae T54 0.641987 
Calliphoridae larvae T20 0.646543 
Pheidole sitarches T117 0.657908 
Super tiny Aleocharine T154 0.668713 
Nitidulidae T95 0.686823 
Necrodes surinamensis larvae T92 0.692653 
Phaenicia sericata larvae T114 0.700785 
Conicera h. barberi T32 0.709339 
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Trachymyrmex s. obscurior T163 0.727058 
Trox foveicollis T164 0.727753 
Onthophagus h. hecate T101 0.745915 
Trox variolatus T167 0.746351 
Oxytelus sculptus T106 0.761624 
Phaenicia coeruleiviridis larvae T111 0.770316 
Oxytelus convergens T104 0.77606 
Colenis impunctata T31 0.790258 
Pseudocanthon perplexus T131 0.797274 
Prionochaeta opaca T129 0.804105 
Apocephalus m. borealis T11 0.806581 
Group 5 staphylinid larvae T61 0.815212 
Phoridae T119 0.817565 
Euspilotus simulatus T51 0.826308 
Blattellidae T16 0.835182 
Dohrniphora sp. T44 0.839569 
Anotylus sp. 2 T7 0.843156 
Geotrupes blackburnii T57 0.861113 
Latridiidae T76 0.866633 
Aphodius bicolor T8 0.8715 
Pericyclocera floricola T110 0.874621 
Aphodius rubeolus T9 0.879064 
Histeridae larvae T68 0.896811 
Camponotus pennsylvanicus T22 0.900603 
Oxytelus pennsylvanicus T105 0.900932 
Crematogaster pilosa T36 0.914186 
Bethylidae T15 0.944738 
 
Table H.4.  ‘Between Canonical Structure’ for canonical discriminant analysis (Proc 
CanDisc) for canonical correlation 3 (Can 3).  Bolded values indicate significant 
taxa. 
Species Taxon # Canonical correlation 3 (Can3)
Myrmica brevispinosa T159 -0.966741 
Leptothorax curvispinosus T79 -0.956959 
Chrysomya rufifaces larvae T29 -0.944559 
Cryptophagidae T38 -0.934736 
Pericyclocera catta T109 -0.913463 
Gymnophora sp. T62 -0.89811 
Puliciphora sp. T136 -0.853095 
Diplopoda T43 -0.722864 
Onthophagus spp. T102 -0.720068 
Strumigenys louisianae T153 -0.531319 
Phalangiidae T115 -0.404638 
Telmatoscopus superbus T157 -0.263251 
Hydrotaea dentipes T70 -0.16924 
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(table H.4 continued) 
Histeridae larvae T68 -0.152062 
Pheidole sitarches T117 -0.025201 
Acontistoptera melanderi T1 -0.013251 
Copris minutus T33 0.021014 
Megaselia megaselia sp. 1 T80 0.03653 
Stelidota octomaculata T151 0.040071 
Pterogramma palliceps T133 0.058553 
Parasphaerocera nigrifemur T108 0.084237 
Carcinops pumilio T24 0.089048 
Apocephalus m. borealis T11 0.092985 
Cochliomyia macellaria larvae T30 0.097044 
Crematogaster pilosa T36 0.098683 
Pericyclocera floricola T110 0.107394 
Trachymyrmex s. obscurior T163 0.154476 
Hermetia illucens larvae T64 0.178255 
Carpophilus freemani T25 0.193402 
Necrobia ruficollis T88 0.199544 
Polyxenidae T128 0.201085 
Trox suberosus T166 0.210424 
Dermestes caninus T40 0.21146 
Camponotus pennsylvanicus T22 0.214424 
Euconnus sp. T47 0.223263 
Euspilotus simulatus T51 0.227892 
Calliphora vicina larvae T18 0.23014 
Piophilidae larvae T125 0.230474 
Trox foveicollis T164 0.239331 
Solenopsis invicta T143 0.241652 
Tachypeza sp. T156 0.250759 
Aphodius rubeolus T9 0.262972 
Omosita colon T99 0.263899 
Tenebrionidae T158 0.277254 
Euspilotus azurescens T50 0.281193 
Hermetia illucens T63 0.281523 
Prionochaeta opaca T129 0.283512 
Geotrupes blackburnii T57 0.29487 
Tetramorium rugiventris T160 0.296554 
Dermestes caninus larvae T41 0.299503 
Oiceoptoma rugulosum T98 0.300291 
Solenopsis m. molesta T144 0.306871 
Platydracus maculosus T127 0.311425 
Bethylidae T15 0.311523 
Blattellidae T16 0.315146 
Phaenicia sericata T113 0.322396 
Megaselia megaselia spp. T81 0.32573 
Stelidota geminata T150 0.327696 
Monotoma fulvipes T86 0.341012 
Pheidole dentata T116 0.345441 
Eulophidae T48 0.347713 
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Scaptomyza sp. T139 0.348987 
Ateuchus histeroides T14 0.35487 
Oxytelus convergens T104 0.355467 
Ahasverus rectus T2 0.368983 
Stearibia nigriceps T149 0.37699 
Megaspilidae T82 0.385019 
Histeridae T67 0.393514 
Pseudocanthon perplexus T131 0.405082 
Thamiaraea lira T161 0.405098 
Euspilotus assimilis T49 0.409222 
Silvanidae larvae T142 0.411346 
Anotylus sp. 2 T7 0.414637 
Oxytelus sculptus T106 0.417415 
Oxytelus pennsylvanicus T105 0.419203 
Melanolestes picipes T83 0.421456 
Dohrniphora sp. T44 0.421588 
Group 5 staphylinid larvae T61 0.422703 
Threticus sp. T162 0.426121 
Nitidulidae T95 0.444728 
Geotrupes splendidus T58 0.444735 
Conicera h. barberi T32 0.447677 
Phaenicia sericata larvae T114 0.456827 
Platydracus exulans T126 0.475358 
Necrodes surinamensis T91 0.476561 
Latridiidae T76 0.478074 
Anotylus insignitus T6 0.479774 
Aphodius bicolor T8 0.479939 
Hister abbreviatus T65 0.482172 
Necrophila americana larvae T93 0.483222 
Fannia scalaris larvae T54 0.4896 
Piophila casei T123 0.495142 
Phoridae T119 0.495245 
Necrobia rufipes T89 0.500211 
Necrodes surinamensis larvae T92 0.50048 
Tachinus axillaris T155 0.501542 
Eucoilidae T46 0.503427 
Phaenicia coeruleiviridis larvae T111 0.511101 
Hister depurator T66 0.532151 
Aleodorus sp. T5 0.533351 
Aleochara lata T3 0.537837 
Philonthus umbrinus T118 0.541951 
Onthophagus h. hecate T101 0.545778 
Calliphoridae flies T19 0.551711 
Nitidotachinus sp. T94 0.55542 
Necrobia rufipes larvae T90 0.55676 
Phoridae larvae T120 0.573594 
Colenis impunctata T31 0.575641 
Figitidae T55 0.596878 
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(table H.4 continued) 
Ataenius platensis T13 0.60408 
Phormia regina larvae T122 0.607693 
Osoriinae larvae T103 0.610245 
Spinilimosina brevicostata T146 0.6129 
Psocidae T132 0.615436 
Meroplius stercorarius T84 0.615555 
Ceraphronidae T27 0.617666 
Group 4 staphylinid larvae T60 0.635225 
Trox variolatus T167 0.66227 
Hypoponera opacior T73 0.662332 
Fannia scalaris T53 0.664194 
Aleochara lustrica T4 0.670085 
Calliphoridae larvae T20 0.67196 
Hydrophilidae T69 0.672022 
Rugilus sp. T138 0.673736 
Leptocera caenosa T77 0.680678 
Paederinae T107 0.690404 
Formicidae T56 0.70463 
Omosita colon larvae T100 0.711478 
Catops simplex T26 0.713125 
Aphodius rusicola T10 0.728555 
Drapetis sp. T45 0.738504 
Super tiny Aleocharine T154 0.738591 
Sepsis vicaria T141 0.749954 
Phaenicia cuprina larvae T112 0.752983 
Ichneumonidae T74 0.759903 
Pteromalidae T134 0.776741 
Corylophidae T35 0.799801 
Ptiliidae T135 0.799856 
Staphylininae T147 0.801702 
Oiceoptoma inaequale T96 0.809057 
Mesosphaerocera annulicornis T85 0.822859 
Diapriidae T42 0.82381 
Oiceoptoma inaequale larvae T97 0.823959 
Creophilus maxillosus T37 0.832904 
Quedius capucinus T137 0.833104 
Prochyliza xanthostoma T130 0.847118 
Mymaridae T87 0.848887 
Chilopoda T28 0.859202 
Braconidae T17 0.864396 
Leptocera pteremis sp. T78 0.867671 
Coproica sp. 2 T34 0.890707 
Piophilidae T124 0.893531 
Araneae T12 0.894599 
Scelionidae T140 0.902171 
Deltochilum g. gibbosum T39 0.906202 
Carabidae T23 0.908741 
Staphylininae larvae T148 0.921343 
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(table H.4 continued) 
Hydrotaea leucostoma T71 0.925147 
Camponotus americanus T21 0.93621 
Ischnosoma sp. T75 0.944745 
Eustilicus sp. T52 0.944948 
Hydrotaea leucostoma larvae T72 0.969559 
Stilpon limitaris T152 0.971316 
Sphaeroceridae T145 0.977932 
Phormia regina T121 0.987284 
Group 3 staphylinid larvae T59 0.988164 
Trox punctatus T165 0.99241 
 
Table H.5.  Correlations between the WITH variables and THEIR canonical 
variables (W1-10) determined using canonical correlation analysis (Proc CanCorr).  
Bolded values indicate significant variables.     
  W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 
SeasonF -0.0092 0.0118 0.3394 0.7527 -0.3817 0.3283 0.2391 -0.0663 -0.0434 0.034 
SeasonW -0.047 -0.0107 -0.088 -0.0934 -0.1621 -0.8475 -0.2123 0.2287 0.3596 0.1 
TypeD -0.0542 0.0913 0.1086 -0.0058 -0.1416 0.4655 -0.2985 0.712 0.3157 -0.2108 
TypeA -0.1009 -0.1333 0.0219 0.0977 -0.0878 -0.305 -0.0883 0.0413 -0.8128 0.4373 
TypeB 0.2514 -0.0695 -0.0013 -0.1384 0.1447 -0.1615 0.9064 0.0052 0.098 -0.186 
d1 0.5528 0.6602 -0.3904 0.1575 0.1312 0.1007 0.0651 0.1103 0.068 0.1818 
d2 0.6583 0.4744 -0.5426 0.1303 0.044 0.1219 0.053 0.0844 0.0186 0.0561 
d3 0.7448 0.2583 -0.5836 0.1125 0.0223 0.135 0.0386 0.0685 0.0051 0.0191 
d4 0.8164 0.0757 -0.5441 0.0994 0.0329 0.1307 0.0191 0.0575 0.0016 0.0088 
d5 0.8701 -0.0591 -0.4631 0.0837 0.0469 0.1159 -0.0019 0.0472 -0.0004 0.0057 
 
Table H.6.  Selected correlations between the VAR variables (T1-167) and THEIR 
canonical variables (V1-10) determined using canonical correlation analysis (Proc 
CanCorr).  Bolded values indicate significant taxa.     
  V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 
T2 0.1203 0.3266 -0.0653 -0.224 0.0033 0.0802 0.2188 0.0616 -0.0499 -0.0435 
T4 0.0514 0.2155 0.0553 -0.3184 0.2531 0.1818 0.1641 -0.0324 -0.0089 -0.047 
T5 0.088 0.3342 -0.0055 -0.2427 0.1556 0.0982 0.2268 0.0054 -0.0036 -0.0358 
T8 0.0859 0.2828 0.31 0.4809 0.0378 0.1161 0.1008 0.0181 0.0127 -0.0217 
T13 0.0934 0.3692 -0.1401 -0.204 -0.0555 -0.1668 0.0354 -0.0411 0.0396 -0.0565 
T17 0.3371 0.313 -0.0343 -0.1988 0.0582 0.0464 0.0208 -0.0006 0.0743 0.0154 
T21 0.1138 0.2053 -0.3498 0.0215 -0.0318 0.3054 0.0197 -0.046 -0.0885 -0.0735 
T24 0.3768 0.1181 0.0313 -0.205 0.0272 -0.0386 0.2584 0.0005 -0.0512 0.0163 
T27 0.0865 0.3676 -0.2128 -0.1187 0.0936 0.1566 -0.0681 -0.218 -0.0044 -0.0081 
T32 0.0267 0.1936 0.1587 -0.1374 0.3503 0.1776 -0.1284 0.1508 -0.0425 -0.0357 
T35 0.0696 0.2001 -0.3692 0.0058 0.0042 0.1682 0.0489 0.0854 -0.0059 -0.0078 
T40 0.4974 0.0184 -0.2165 -0.0963 0.2042 -0.0168 0.3922 0.0618 0.0151 -0.049 
T41 0.0898 0.1822 -0.0095 -0.2112 0.1274 0.0078 0.3299 0.0939 0.0556 -0.002 
T42 0.0894 0.3658 -0.1474 -0.1155 0.1556 0.178 0.0326 -0.1475 0.0204 0.03 
T49 0.0447 0.0728 -0.0162 -0.3315 0.1007 0.1615 0.3991 -0.085 0.0281 -0.0876 
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T50 -0.0001 -0.0426 0.0317 -0.245 0.1697 0.1258 0.4493 0.0157 0.0859 0.0351 
T54 -0.0766 -0.0961 0.0525 -0.0117 -0.0024 0.4181 -0.0307 0.1075 0.1794 0.1904 
T57 0.0955 0.3213 0.1836 0.3354 -0.0947 0.1755 0.0216 0.1476 -0.0008 -0.0742 
T58 0.1177 0.4506 -0.2341 0.1046 -0.0532 0.0007 -0.1329 -0.1532 0.1122 0.1161 
T63 0.5841 -0.1802 0.1084 -0.2275 -0.0997 0.1057 0.0972 -0.0689 0.013 0.0354 
T64 0.5889 -0.1886 -0.2589 0.0937 0.1914 0.0146 0.1109 0.0665 -0.0235 -0.0661 
T65 0.1027 0.2157 -0.044 -0.3176 0.1696 0.0691 0.322 -0.0953 0.0858 0.0016 
T66 0.0669 0.1563 0.1289 0.4579 -0.142 0.1812 0.3023 0.0216 0.1617 0.0768 
T80 0.1039 0.4036 0.0952 0.3218 0.0775 0.2495 -0.0468 0.0195 -0.129 0.0679 
T86 0.3538 0.2473 -0.1027 -0.2048 0.0503 0.0221 0.2302 0.0615 -0.0031 -0.0207 
T99 0.1958 0.2277 -0.2306 -0.1135 0.0533 -0.0137 0.3462 0.0357 0.0107 -0.0325 
T100 0.1741 0.3326 -0.2453 -0.0973 -0.1064 -0.0862 0.0983 0.097 0.1188 0.023 
T110 0.0785 0.3257 -0.0048 -0.0021 0.1594 0.0898 -0.0415 0.1593 -0.0564 0.0885 
T116 -0.0001 0.0938 -0.0391 0.1735 -0.0333 0.1332 -0.0988 0.005 -0.1459 -0.346 
T125 0.4765 0.0097 -0.1591 -0.1167 -0.0531 0.055 0.1607 -0.0436 -0.0183 0.0292 
T128 0.1211 0.3938 -0.1098 -0.1087 0.1913 0.1899 0.1862 0.0054 -0.1823 0.0282 
T131 0.0128 0.0977 0.0619 0.0669 -0.0638 0.1086 -0.0671 0.0954 -0.1071 -0.3844 
T132 0.076 0.3783 0.0406 -0.1639 0.2206 0.1592 -0.142 -0.1839 -0.0368 -0.0201 
T134 0.1787 0.3334 -0.0616 -0.2101 0.1138 0.2029 -0.052 0.0876 -0.0188 -0.026 
T135 0.1729 0.2093 0.1144 -0.3347 0.3101 0.2014 0.0987 -0.1306 0.0763 0.0516 
T137 0.0079 0.2259 0.2234 -0.0759 0.3848 0.2883 0.0912 -0.3025 0.1348 -0.0288 
T142 0.1091 0.1878 -0.3166 -0.0701 0.0025 0.1284 0.1626 0.1065 -0.0312 -0.0211 
T144 0.3471 0.1002 -0.3461 0.0038 0.0648 0.1252 0.1481 0.1304 -0.0721 -0.0836 
T145 0.3497 -0.0156 0.0582 -0.1311 -0.074 0.0524 -0.0623 -0.0268 0.1378 0.1144 
T152 0.198 0.3198 -0.2637 -0.1937 0.1657 0.2994 -0.0511 -0.0348 0.0328 0.0612 
T155 0.0935 0.3322 -0.0835 -0.0543 -0.1748 -0.228 0.0126 -0.0624 0.1308 0.041 
T158 0.3325 0.1713 -0.0689 -0.224 -0.0181 0.0612 0.2023 -0.0734 -0.0856 -0.0729 
T161 0.0967 0.303 0.0771 -0.1604 0.1943 0.0407 0.3897 0.0322 0.0444 -0.106 
T164 0.0307 0.2205 -0.0695 0.007 -0.0497 0.3248 -0.0706 0.1774 -0.0075 0.0998 
T165 0.0859 0.3912 -0.1982 -0.3011 0.004 0.2508 0.031 -0.0938 -0.0122 -0.0167 




   
 
APPENDIX I 
MORPHOMETRIC SILPHID BEETLE DATA 
 Morphological measurements for larvae of three carrion beetle species 
(Silphidae): Oieoptoma inaequale, Necrodes surinamensis, and Necrophila americana. 
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Table I.1.  Three larval measurements for Oiceoptoma inaequale (N=80).  *Instar 
denotes life stage determined after analyses. 
Day Cranium Pronotum Length Instar*  
7 1.03 2.56 5.89 1 
8 1.37 3.79 10.25 2 
9 1.3 3.4 9.1 2 
9 1.36 3.52 10.93 2 
10 1.05 2.47 6.92 1 
10 1.02 2.33 5.97 1 
10 0.95 2.29 5.81 1 
10 1.05 2.5 6.5 1 
10 1.06 2.57 6.62 1 
11 1.38 3.91 9.39 2 
11 0.95 2.38 5.48 1 
11 0.99 2.48 6.51 1 
12 1.33 3.45 7.97 2 
13 1.31 3.58 10.84 2 
13 1.28 3.38 9.08 2 
14 1.49 3.95 13.12 2 
16 1.64 4.93 14.34 3 
11 1.01 2.51 6.72 1 
11 1.07 2.45 8.6 1 
12 1.36 3.42 9.86 2 
12 1.02 2.48 8.37 1 
13 1.34 3.25 10.85 2 
13 1.3 3.5 9.21 2 
13 1.34 3.8 11.79 2 
16 1.06 2.61 5.93 1 
26 1.72 4.43 12.7 3 
26 1.73 4.85 16.68 3 
7 1 2.49 6.57 1 
11 1.73 5.01 12.89 3 
12 1.38 3.58 12.6 2 
12 1.69 5.18 14.73 3 
13 1.76 4.75 14.77 3 
7 1.03 2.44 6.33 1 
8 1.03 2.68 5.59 1 
8 1.07 2.44 7.04 1 
8 1.47 4.05 8.58 2 
9 1.05 2.32 8.33 1 
9 1.05 2.4 7.1 1 
9 1.03 2.55 7.7 1 
9 1.08 2.56 6.8 1 
9 1.03 2.41 6.96 1 
9 1.05 2.43 8.05 1 
10 1.41 3.81 9.92 2 
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11 1.06 2.36 7.04 1 
11 1.38 3.61 9.51 2 
11 1.05 2.46 7.7 1 
11 1.71 4.9 11.78 3 
11 1.36 3.76 11.1 2 
11 1.41 3.49 7.77 2 
11 1.02 2.4 6.82 1 
11 1 2.59 5.86 1 
11 1.04 2.53 7.11 1 
12 1.65 4.74 15.8 3 
13 1.63 4.02 14.88 3 
13 1.67 4.51 14.67 3 
13 1.63 4.8 14.77 3 
16 1.62 4.45 15.76 3 
16 1.66 4.48 15.24 3 
16 1.61 4.33 16.1 3 
9 1.04 2.59 6.91 1 
10 1.32 3.37 10.08 2 
10 1.29 3.36 12.12 2 
11 1.71 4.82 15 3 
13 1.41 3.6 11.19 2 
13 1.44 3.68 8.96 2 
14 0.99 2.41 6.79 1 
16 1.42 3.57 13.36 2 
16 1.38 3.2 11.88 2 
16 1.45 3.48 10.82 2 
16 0.95 2.41 8.27 1 
16 1.3 3.18 12.17 2 
19 1.48 3.5 10.54 2 
19 1.55 3.9 14.19 2 
19 1.05 2.45 7.74 1 
20 1.39 3.79 11.34 2 
11 0.96 2.38 6.29 1 
14 1.79 5.08 16.15 3 
14 1.66 4.57 14.47 3 
14 1.32 3.42 11.07 2 
12 1.05 2.7 5.97 1 
 
Table I.2.  Three larval measurements for Necrodes surinamensis (N=316).  *Instar 
denotes life stage determined after analyses. 
Day Cranium Pronotum Length Instar  
10 0.87 1.72 4.84 1 
12 0.91 1.70 8.45 1 
11 0.91 1.85 6.26 1 
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10 0.91 1.88 5.56 1 
13 0.91 1.96 7.30 1 
11 0.92 1.72 5.04 1 
13 0.92 1.84 8.26 1 
11 0.92 1.90 6.87 1 
12 0.93 1.78 7.94 1 
10 0.94 1.79 5.55 1 
11 0.94 1.85 6.40 1 
10 0.94 1.90 5.88 1 
10 0.94 1.96 5.50 1 
11 0.95 1.83 8.82 1 
11 0.95 1.86 8.62 1 
12 0.95 1.94 5.84 1 
11 0.95 1.95 7.56 1 
10 0.96 1.74 5.20 1 
12 0.96 1.74 9.40 1 
19 0.96 1.79 9.08 1 
10 0.96 1.80 7.18 1 
16 0.96 1.83 8.53 1 
11 0.96 1.86 8.34 1 
11 0.96 1.91 8.67 1 
13 0.96 1.94 9.65 1 
11 0.96 1.96 7.05 1 
12 0.96 2.00 8.20 1 
12 0.96 2.04 7.53 1 
11 0.97 1.73 7.45 1 
9 0.97 1.77 6.24 1 
11 0.97 1.80 7.56 1 
13 0.97 1.80 5.03 1 
12 0.97 1.82 7.56 1 
12 0.97 1.88 7.00 1 
11 0.97 1.92 8.70 1 
11 0.97 1.96 8.50 1 
12 0.97 1.97 8.82 1 
14 0.97 1.97 4.25 1 
12 0.97 2.00 10.38 1 
13 0.97 2.06 6.75 1 
12 0.98 1.78 9.32 1 
13 0.98 1.83 9.15 1 
13 0.98 1.86 7.10 1 
11 0.98 1.87 7.13 1 
11 0.98 1.88 8.46 1 
12 0.98 1.93 7.28 1 
11 0.98 1.96 9.12 1 
12 0.98 1.96 7.24 1 
(table I.2 continued) 
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10 0.98 1.99 7.11 1 
11 0.98 2.00 6.61 1 
14 0.98 2.04 6.20 1 
12 0.98 2.04 6.03 1 
10 0.99 1.80 8.55 1 
11 0.99 1.85 8.74 1 
12 0.99 1.85 8.59 1 
12 0.99 1.90 7.64 1 
11 0.99 1.90 7.69 1 
12 0.99 1.90 8.90 1 
12 0.99 1.90 5.42 1 
13 0.99 1.90 7.66 1 
13 0.99 1.91 8.59 1 
12 0.99 1.95 6.67 1 
12 0.99 1.97 8.84 1 
13 0.99 2.01 8.95 1 
13 0.99 2.03 8.33 1 
13 0.99 2.03 6.25 1 
12 1.00 1.88 9.20 1 
10 1.00 1.88 6.59 1 
12 1.00 1.89 6.58 1 
13 1.00 1.89 8.99 1 
12 1.00 1.96 7.42 1 
10 1.00 1.97 6.89 1 
12 1.00 1.97 9.19 1 
12 1.00 1.97 8.39 1 
12 1.00 1.98 8.73 1 
12 1.00 2.03 7.01 1 
12 1.00 2.07 10.02 1 
11 1.01 1.81 8.20 1 
11 1.01 1.86 8.43 1 
11 1.01 1.88 6.80 1 
11 1.01 1.89 7.52 1 
11 1.01 1.92 9.50 1 
12 1.01 1.94 8.97 1 
9 1.01 1.95 6.73 1 
10 1.01 1.96 8.00 1 
12 1.01 1.98 7.08 1 
10 1.01 1.99 4.92 1 
12 1.01 1.99 8.72 1 
11 1.01 1.99 9.26 1 
14 1.01 2.00 9.86 1 
12 1.01 2.01 8.22 1 
12 1.01 2.03 8.03 1 
12 1.01 2.05 8.64 1 
(table I.2 continued) 
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(table I.2 continued) 
10 1.01 2.05 8.48 1 
12 1.02 1.83 8.76 1 
11 1.02 1.84 6.67 1 
11 1.02 1.85 8.52 1 
12 1.02 1.86 7.96 1 
11 1.02 1.88 6.56 1 
13 1.02 1.90 5.36 1 
14 1.02 1.90 9.65 1 
12 1.02 1.92 8.28 1 
10 1.02 1.93 6.73 1 
12 1.02 1.93 9.21 1 
11 1.02 1.97 10.17 1 
12 1.02 1.99 7.17 1 
12 1.02 2.02 7.18 1 
12 1.02 2.04 7.80 1 
12 1.02 2.06 6.84 1 
10 1.03 1.90 9.20 1 
12 1.03 1.92 8.77 1 
12 1.03 1.92 8.34 1 
12 1.03 1.94 10.15 1 
14 1.03 1.94 9.34 1 
11 1.03 1.95 8.76 1 
11 1.03 1.96 9.70 1 
12 1.03 1.98 9.21 1 
12 1.03 1.98 8.05 1 
11 1.03 2.03 8.34 1 
12 1.03 2.10 9.60 1 
12 1.04 1.85 8.07 1 
12 1.04 1.86 9.08 1 
12 1.04 1.86 8.33 1 
11 1.04 1.89 8.47 1 
12 1.04 1.90 8.27 1 
12 1.04 1.91 8.20 1 
12 1.04 1.94 8.05 1 
12 1.04 1.97 9.24 1 
12 1.04 2.00 8.45 1 
12 1.04 2.00 6.00 1 
11 1.04 2.01 7.33 1 
13 1.04 2.06 7.70 1 
12 1.05 1.91 9.12 1 
13 1.05 1.94 8.09 1 
13 1.05 1.95 9.50 1 
13 1.05 1.98 8.16 1 
11 1.05 2.01 7.05 1 
12 1.05 2.02 9.25 1 
(table I.2 continued) 
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(table I.2 continued) 
12 1.05 2.02 9.05 1 
11 1.05 2.14 9.59 1 
12 1.06 1.93 7.84 1 
12 1.06 1.95 7.83 1 
13 1.06 2.00 7.06 1 
14 1.06 2.10 9.92 1 
12 1.07 1.88 7.10 1 
12 1.07 2.05 9.50 1 
9 1.08 1.99 6.82 1 
12 1.08 2.08 9.43 1 
13 1.09 2.00 9.73 1 
12 1.09 2.06 8.05 1 
19 1.30 2.67 13.03 2 
12 1.34 2.63 7.80 2 
13 1.34 2.65 10.36 2 
16 1.35 2.76 14.03 2 
16 1.35 2.78 15.69 2 
16 1.36 2.80 13.17 2 
14 1.37 2.53 10.94 2 
16 1.37 2.70 13.54 2 
14 1.38 2.65 13.08 2 
12 1.38 2.74 10.25 2 
13 1.38 2.75 12.83 2 
14 1.38 2.76 11.53 2 
13 1.38 2.79 11.97 2 
11 1.40 2.62 12.99 2 
16 1.40 2.67 14.11 2 
12 1.40 2.70 13.37 2 
12 1.40 2.75 12.88 2 
16 1.40 2.79 13.12 2 
19 1.40 2.80 12.39 2 
14 1.40 2.88 13.47 2 
12 1.41 2.59 11.41 2 
12 1.41 2.63 12.76 2 
13 1.41 2.64 13.23 2 
13 1.41 2.73 12.31 2 
16 1.41 2.76 13.12 2 
12 1.41 2.83 12.24 2 
12 1.41 2.85 13.71 2 
14 1.41 2.85 12.39 2 
16 1.41 2.86 14.32 2 
13 1.41 2.87 9.84 2 
11 1.41 3.04 14.38 2 
12 1.42 2.60 10.94 2 
16 1.42 2.60 14.30 2 
(table I.2 continued) 
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(table I.2 continued) 
12 1.42 2.64 12.90 2 
11 1.42 2.66 12.93 2 
12 1.42 2.68 12.12 2 
12 1.42 2.73 13.42 2 
13 1.42 2.74 11.26 2 
14 1.42 2.74 13.22 2 
13 1.42 2.79 12.52 2 
13 1.42 2.80 13.22 2 
11 1.42 2.93 12.36 2 
13 1.43 2.76 13.75 2 
16 1.43 2.79 13.08 2 
14 1.43 2.82 11.81 2 
13 1.43 2.84 13.98 2 
12 1.43 2.85 12.82 2 
12 1.43 2.91 13.97 2 
12 1.44 2.69 12.76 2 
12 1.44 2.71 12.88 2 
16 1.44 2.82 13.99 2 
14 1.44 2.83 13.31 2 
14 1.44 2.87 7.48 2 
10 1.44 2.91 12.47 2 
12 1.44 2.99 12.89 2 
14 1.44 3.01 13.42 2 
12 1.45 2.74 10.14 2 
13 1.45 2.82 13.14 2 
12 1.45 2.83 12.72 2 
14 1.45 2.84 13.04 2 
11 1.45 2.90 11.67 2 
12 1.45 2.93 10.72 2 
16 1.45 2.94 13.56 2 
14 1.45 3.03 13.01 2 
12 1.46 2.73 13.15 2 
11 1.46 2.74 10.00 2 
12 1.46 2.79 12.69 2 
12 1.46 2.84 13.73 2 
12 1.46 2.92 11.92 2 
16 1.46 2.92 14.90 2 
13 1.46 2.94 9.15 2 
12 1.46 2.97 15.40 2 
16 1.46 3.01 13.26 2 
13 1.46 3.13 14.28 2 
12 1.47 2.69 13.11 2 
12 1.47 2.79 12.55 2 
12 1.47 2.81 13.93 2 
13 1.47 2.84 13.60 2 
(table I.2 continued) 
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(table I.2 continued) 
16 1.47 2.88 13.68 2 
12 1.47 2.89 12.30 2 
13 1.47 2.89 12.04 2 
12 1.47 2.91 14.20 2 
11 1.47 2.94 10.80 2 
11 1.47 2.96 10.45 2 
12 1.48 2.69 13.39 2 
11 1.48 2.75 13.57 2 
16 1.48 2.80 14.14 2 
11 1.49 2.86 9.25 2 
11 1.49 2.88 11.81 2 
14 1.49 2.89 13.16 2 
14 1.49 2.90 14.16 2 
11 1.49 2.91 15.07 2 
11 1.49 2.94 10.05 2 
14 1.49 3.01 13.45 2 
12 1.49 3.13 15.84 2 
12 1.50 2.82 11.39 2 
14 1.50 2.88 13.64 2 
12 1.50 2.89 9.71 2 
13 1.50 2.90 15.52 2 
11 1.50 2.98 14.12 2 
11 1.51 2.94 12.08 2 
12 1.51 2.98 12.91 2 
13 1.51 3.10 16.46 2 
13 1.51 3.25 13.60 2 
16 1.52 2.84 15.48 2 
11 1.52 2.97 13.29 2 
13 1.52 3.07 15.20 2 
12 1.53 2.96 14.29 2 
12 1.53 3.03 12.34 2 
14 1.53 3.12 16.46 2 
13 1.53 3.15 15.24 2 
12 1.54 2.97 15.17 2 
12 1.54 2.97 14.00 2 
12 1.54 3.00 15.87 2 
12 1.55 2.91 13.76 2 
12 1.55 2.94 13.56 2 
19 1.55 3.02 10.30 2 
13 1.57 2.96 15.60 2 
11 1.57 3.01 11.30 2 
12 1.58 3.06 13.26 2 
12 1.59 3.07 15.82 2 
12 1.60 3.16 15.45 2 
16 1.78 3.52 18.36 3 
(table I.2 continued) 
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(table I.2 continued) 
20 1.80 3.56 15.60 3 
14 1.81 3.64 18.60 3 
19 1.84 3.78 18.87 3 
19 1.84 3.83 16.42 3 
19 1.85 3.76 18.21 3 
19 1.85 3.95 18.89 3 
16 1.86 3.65 18.55 3 
16 1.86 4.00 19.00 3 
13 1.89 3.87 18.31 3 
19 1.89 3.95 20.19 3 
19 1.89 4.06 17.17 3 
13 1.90 3.63 17.35 3 
19 1.90 3.78 19.65 3 
22 1.90 4.07 19.58 3 
16 1.92 3.65 11.85 3 
19 1.93 4.23 16.20 3 
19 1.94 3.90 20.16 3 
19 1.94 4.09 17.08 3 
22 1.95 4.18 20.77 3 
16 1.96 3.76 19.08 3 
14 1.96 3.94 17.94 3 
14 1.96 4.14 17.40 3 
19 1.97 4.04 21.12 3 
13 1.97 4.15 16.26 3 
16 1.98 3.89 19.72 3 
20 1.98 4.05 20.91 3 
14 1.98 4.14 20.55 3 
16 2.00 3.83 19.38 3 
19 2.00 4.02 20.30 3 
16 2.00 4.04 19.23 3 
14 2.00 4.16 16.82 3 
14 2.01 4.04 17.86 3 
19 2.01 4.08 17.70 3 
19 2.01 4.50 21.94 3 
19 2.02 3.99 12.90 3 
16 2.02 4.14 20.36 3 
13 2.02 4.38 18.61 3 
19 2.03 4.10 21.13 3 
16 2.03 4.21 15.82 3 
19 2.04 3.97 16.68 3 
19 2.06 4.31 21.07 3 
16 2.07 4.12 19.91 3 
19 2.07 4.14 21.05 3 
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Table I.3.  Three larval measurements for Necrophila americana (N=13).  *Instar 
denotes life stage determined after analyses. 
Day Cranium Pronotum Length Instar  
12 1.61 3.42 13.93 1 
14 2.07 4.65 13.14 2 
14 2.18 4.69 18.63 2 
19 1.65 3.46 10.75 1 
19 1.66 3.28 14.43 1 
19 1.71 3.43 14.96 1 
24 2.1 4.63 19.87 2 
26 2.08 4.38 21 2 
41 1.64 3.34 14.28 1 
47 2.84 6.13 23.28 3 
36 1.62 3.44 11.52 1 
36 2.11 4.84 15.78 2 
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